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ABSTRACT
Research into the epidemiology of sexually transmitted organisms has found a strong
relationship between number of sexual partners and likelihood of infection; STO
interventions have therefore focused on reducing number of sexual partners. However, this
work assumes that multiple partnerships cause infection, when there is reason to believe that
infection causes an increase in short-term mating behavior as a means of increasing
transmission opportunities. This dissertation tests STO infection status as a predictor in
follow-up sexual behavior on data from the National Longitudinal Study from Adolescent to
Adult Health (Add Health). Four dependent variables related to short-term mating were
regressed on STO status at baseline. Results indicate that HSV-2 infections in men and
gonorrhea infections in general predict number of sexual partners at follow-ups.
Understanding the STO-sexual behavior relationship from this perspective may provide
opportunities for disease diagnosis in underserved communities and reduce stigma for STO+
individuals.
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Introduction
How do you create a zombie? No, not the undead creature that stumbles around
moaning for brains, but a zombie as in another creature that you can control for your own
purposes. If you’re the Hz-2V virus, a sexually transmitted disease of the H. zea moth, you
make your host more attractive to potential sexual partners but decrease your moth’s
fecundity in the process. Too bad for your original host, but you just got yourself transmitted
to a new moth. Good for you! If you’re the snail parasite T. ocellate, you might try curtailing
your snail’s reproduction and coaxing them to redirect that energy towards your own growth.
You didn’t really hurt the snail (just its reproductive success), and you need to eat, so…
*shrugs*. However, if you do want to inflict harm on your zombie, may I suggest becoming
T. gondii? You can get your rat host to work against all its instincts and spend time with cats.
The cat will eat the rat, and you get to complete your life cycle in your favorite luxury hotel,
the cat’s stomach. Pain not your thing? Consider the D. coccinellae wasp, which lays its eggs
on ladybugs and temporarily paralyzes them while the wasp larvae grow. Don’t worry
though: once your babies are all grown up and have left their protective nest, the ladybug will
go back to normal. No harm, no foul, right?
Silly? Yes. Unreal? No. All the above are examples of parasitic/pathogenic
manipulation of host behavior: the parasite changes its host’s behavior in ways that suit the
parasite, with varying degrees of destruction to the host. Not all parasites will manipulate
their hosts (and not all hosts are against manipulation), but those that do have evolved to do
so because it increases their own reproductive success. Parasitic manipulation is a sexy new
area of research; an EBSCO search of the last 10 years of academic literature yields 839
results for “parasite manipulation” and 2,379 results for “host manipulation.” However,
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despite this explosion of interest, one understudied area of manipulation research is the
manipulation of human sexual behavior by sexually transmitted organisms, with research
from multiple fields suggesting that this hypothesis is not as far-fetched as it appears. This
dissertation aims to provide a first step in showing that this manipulation is possible and
deserves further research.
Sexually Transmitted Organisms
Public Health Burden
The World Health Organization recognizes eight major sexually transmitted
organisms (STOs). Four are bacterial/protozoan: C. trachomatis (chlamydia), N. gonorrhea
(gonorrhea), T. pallidum (syphilis), and T. vaginalis (trichomoniasis); for the sake of clarity, I
will be referring to these organisms by the disease they cause (as is common in STO
discussions) rather than their official name. The four other STOs are viral: hepatitis B
(HBV), herpes simplex virus (consisting of two strains, HSV-1 and HSV-2), human
immunodeficiency virus (HIV), and human papillomavirus (HPV). Together, they represent a
unique public health burden because of their consequences, difficulty in diagnosis, and
associated stigma.
The infection rates of these diseases vary. Some such as syphilis and gonorrhea infect
relatively few people across the United States (CDC: Fact Sheet), whereas HSV-1 infects
two-thirds of the global population under 50 (WHO: Herpes Simplex Virus). Worldwide,
more than 1 million new STO infections are acquired everyday (WHO: Sexually Transmitted
Infections).
The difficulty in recognizing and diagnosing STOs exacerbates transmission rates.
Most STOs are asymptomatic (WHO: Sexually Transmitted Infections); when infections do
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cause symptoms, they are non-specific, and are often attributed to common, non-threatening
illnesses such as urinary tract infections (CDC: STD Fact Sheet). Many therefore go
undiagnosed for years (CDC: STD Fact Sheet). Even as the disease progresses, diagnosis is
difficult because of the need for serological testing (CDC: STD Fact Sheet). This testing is
widely available in high-income countries but is often financially or geographically
inaccessible in middle- or low-income countries (WHO: Sexually Transmitted Infections). In
these areas, health care workers use “syndromic management,” a combination of selfreported high-risk behaviors and physical symptoms, to diagnose disease (WHO: Sexually
Transmitted Infections). Unfortunately, this leads to both over- and under-diagnosis, so the
World Health Organization recommends that this approach be accompanied by additional
screening measures, though few measures outside of serological testing are available.
Stigma related to STOs also contributes to a lack of testing and disease spread.
Qualitative studies find that people are worried about being branded as “sluts” if they are
diagnosed with an STO (Wong, Chan, KarenBoi-Doku, & Mcwatt, 2012), potentially
because marginalized populations (e.g., sex workers) often have the highest rates of STOs
(WHO: Sexually Transmitted Infections). Even the act of getting tested for an STO,
regardless of infection status, is a threat to people’s identity as responsible individuals (Balfe,
Brugha, O’Connell, McGee, O’Donovan, & Vaughan, 2010). STO infection also causes
conflict in relationships that may result in relationship dissolution (Newton & McCabe, 2005;
Newton & McCabe, 2008). For these reasons, many people are unwilling to get tested even if
they suspect infection (Balfe et al., 2010; Bender & Hill, 2018; Eaton, Earnshaw, Maksut,
Thorson, Watson, & Bauermeister, 2018; Mooney et al., 2017) or are unwilling to disclose
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their diagnosis to sexual partners (Bender & Hill, 2018; Wong et al., 2012), which
contributes to disease transmission.
Unfortunately, untreated STOs may have serious consequences such as pelvic
inflammatory disease, ectopic pregnancies, cognitive impairment, and cervical cancer
(Antinori et al., 2007; CDC Call to Action; CDC: STD Fact Sheet; World Health
Organization: Human papillomavirus (HPV) and cervical cancer). However, it is important to
remember that these consequences are rare, and infections can easily be cleared or cared for
once a diagnosis is made. It is therefore crucially important that the public and public health
communities work to improve testing, diagnosis, and stigma reduction. Indeed, due to these
infection rates, consequences, and stigma, major health organizations have called for
increased research into the epidemiology, preventative measures, and treatment of STOS.
STOs and Number of Sexual Partners
One of the most widely recognized risk factors for STO acquisition is number of
sexual partners (Shelton, Halperin, Nantulya, Potts, Gayle, & Holmes, 2004). For example,
HIV seropositivity is associated with having multiple sexual partners (Landman et al., 2008),
with the odds of HIV positivity increasing 26% for each additional partner (Faber et al.,
2017). Researchers have found similar associations with chlamydia and gonorrhea
(Falasinnu, Gilbert, Hottes, Gustafson, Ogilvie, & Shoveller, 2015), syphilis (Cantor, Pappas,
Daeges, & Nelson, 2016), HSV-2 (Groves, 2016), trichomoniasis (Ambrozio, Nagel, Jeske,
Bragança, Borsuk, & Villela, 2016; DiClemente, Crosby, Wingood, Lang, Salazar, &
Broadwell, 2005; Miller, Liao, Gomez, Gaydos, & D'Mellow, 2008), and HPV (Moscicki,
2005).
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Based on these studies, leading health experts (e.g., the CDC, Mayo Clinic)
recommend reducing one’s number of sexual partners to mitigate infection risk (CDC: How
You Can Prevent Sexually Transmitted Diseases; Mayo Clinic: Sexually Transmitted
Diseases (STDs)), and many STO intervention programs focus on partner number reduction
(Kalichman & Grebler, 2010). These recommendations assume that engaging in multiple
partnerships causes an infection, yet much of the research is correlational: researchers assess
infection status and partner numbers simultaneously (e.g., Almonte, Albero, Molano,
Carcamo, García, & Pérez, 2008; Faber et al., 2017; Landman et al., 2008; Van Wagoner,
Harbison, Drewry, Turnipseed, & Hook III, 2011), meaning that such causal claims cannot
be made. Some studies try to strengthen the claim of causality by establishing the temporal
precedence of partner numbers. For example, in DiClemente et al., 2005, researchers
established STO-negativity at baseline and retested infection at follow-up, then found that
number of sexual partners in the 6 months between baseline and follow-up predicted
infection status. However, this study (and similar others, e.g., DiClemente et al., 2004) still
does not establish that having multiple partners truly preceded infection: even though STO
negativity is established at baseline, the predictor and outcome variables (partner numbers
and infection at follow-up, respectively) are still assessed simultaneously, so it is still
difficult to say which one came first.
Additionally, though not the intention, this causal assumption may contribute to the
rampant victim blaming in STO diagnoses: since having multiple sexual partners is assumed
to cause infection, it’s your own fault if you get infected. Individuals who acquire an STO are
often blamed by their communities for contracting it (Wong et al., 2012), with STO positive
women, particularly women of color, receiving more blame and being perceived as more
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irresponsible than STO positive men (Blackstock, Beach, Korthuis, Cohn, Sharp, Moore, &
Saha, 2012; Giffin, & Lowndes, 1999; Valentine, 2008). Moreover, experimental studies
have found that individuals with an STO are more likely to be blamed for their diagnosis than
individuals with other types of communicable diseases or medical diagnoses (Shepherd &
Gerend, 2014; Yoo, & Jang, 2012). STO positive individuals may also blame themselves and
experience shame and guilt over their infection status (Bender & Hill, 2018; Haapa,
Suominen, Paavilainen, & Kylmä, 2018).
This community- and individual-level blame is compounded with (or perhaps driven
by) researchers and health care workers who struggle to discuss sexual health without victimblaming. Historically, STO public health campaigns often used victim-blaming messages
(Ford, Barnes, Rompalo, & Hook III, 2013), and this legacy endures. Some contemporary
researchers use victim-blaming language (e.g., Nack 2000, 2002), and health care workers
may brand STO positive individuals as promiscuous (Giffin & Lowndes, 1999), accuse them
of not caring about themselves (Valentine, 2008), or blame them for their diagnosis (Lambda
Legal, 2010). Unfortunately, individuals often cite health care provider judgement as a
barrier to seeking care (Tilson et al., 2004), and for individuals who do seek care, these
victim-blaming messages may lead to poorer patient outcomes (Ford et al., 2013).
This blame game, which causes real harm to affected individuals, is driven by our
uncorroborated assumption that engaging in sex with multiple partners causes STO infection.
Combined with the lack of evidence supporting this causal assumption, these victim-blaming
tendencies indicate a desperate need to corroborate or disprove the causal arrow in the STO –
sexual behavior relationship. If we can show that the relationship is not a simple case of
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cause and effect, we could reduce victim-blaming and alleviate some of the harm being done
to these individuals.
A Bi-Directional Causal Arrow
Given the severity of untreated STOs and the importance of preventing their
transmission to new carriers, the scientific and medical communities have a duty to make
sure that we fully understand this relationship. As the evidence sits right now, it is just as
likely that the causal arrow goes the other way, with an STO causing their human host to
obtain more sexual partners and therefore create more transmission opportunities for the
STO.
Though this may sound surprising, it is not science fiction. STOs are not simply
byproducts of the human experience; though we may think of them merely as the diseases
they cause, they are evolving organisms that adapt to and interact with their environments,
and they are subject to the same fitness-increasing pressures as any other organism.
Moreover, evidence from multiple fields gives reason to suspect that STO acquisition causes
a change in sexual behavior such that infected individuals have more sexual partners than
otherwise inclined, thus giving the STO more opportunities to spread throughout the
population. Manipulation is common among other parasite-host relationships, and in fact,
human evolutionary biology may predispose us to be vulnerable to such manipulation.
More likely, the causal arrow is bi-directional. That is, given that STOs are
transmitted sexually, individuals are indeed put at risk with each additional partner,
particularly if that partner engages in high-risk activities. However, that does not exclude a
bi-directional arrow, where-in additional partners put individuals at risk for STO contraction,
and STO infection encourages multiple partner acquisition. Indeed, if STOs are manipulating
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hosts to increase transmission rates, then we must assume that additional sexual partners
increase transmission risk, or the STO would not achieve anything by their hosts having
more partners. Given the difficulties in testing bi-directionality, however, and the lack of
attention paid to parasitic manipulation, this paper will focus on the second part of the arrow,
where-in STOs manipulate their hosts to encourage multiple partnerships.
The rest of this introduction is divided into (a) outlining other examples of
manipulation as a comparison for how this manipulation might work, (b) explaining how
human sexual plasticity makes us vulnerable to manipulation, and (c) imagining how this
manipulation might manifest in terms of proximate mechanisms and behaviors to be
manipulated.
Manipulation in Other Host-Parasite Interactions
Manipulation occurs in parasite-host relationships across the animal kingdom, with
manipulation abilities evolving up to 20 separate times (Poulin, 2010). This research area
first garnered attention with Richard Dawkins’ extended phenotype hypothesis in 1982,
which argued that a gene’s influence should not be considered limited to within-organism
effects but should extend to alterations that the gene has on the environment and other
organisms (Dawkins, 2016). More recent work suggests that most manipulative abilities are
not blunt tools conserved across taxa but are highly refined and often specific to the parasitehost species to delicately control host behavior (Poulin, 2010; Weinersmith, & Faulkes,
2014).
Manipulation of hosts by their parasites/microbiota may manifest in a number of
ways (see Cryan & Dinan, 2012; Dheilly et al., 2015; Eberhard, 2001; Kramer & Bressan,
2015; Werren, Baldo, & Clark, 2008 for examples), but one common effect is manipulation
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to improve transmission rates to new hosts. These effects can be further classified by route of
transmission, falling generally into trophic (predators eating prey) or sexual transmission
classifications. Crucially, manipulation should be specific to the route of transmission
(though this assumption may be complicated due to the proximate mechanisms of control;
see Adamo & Webster 2013; Cézilly, Favrat, & Perrot-Minnot, 2013; Sarafin, Miller,
Alcock, Fleischman, in prep). For trophically transmitted pathogens, organisms should
manipulate their host in a manner that increases their likelihood of predation; for sexual
transmission, organisms should increase their hosts’ mating success and copulatory
opportunities.
Trophic transmission occurs when a pathogen infects an intermediary host, which is
then preyed upon by the pathogen’s ultimate hosts. This manipulation route is better known
than manipulation by sexually transmitted infections due to our fascination with
toxoplasmosis, a disease caused by the Toxoplasma gondii parasite that is transmitted
trophically via rats until it reaches its ultimate host, the cat. In a seminal study by Berdoy,
Webster, and Macdonald (2000), the researchers found that while healthy rats avoided an
enclosure area saturated with the smell of cat urine (as is normal given that cats are their
natural predator), rats infected with T. gondii did not avoid the cat smell, and in the cases of
the rats with the most exploratory nature, even appeared to prefer it to their own or neutral
scents. The researchers suggest that this species atypical behavior is due to T. gondii’s
manipulative effects to increase transmission opportunities. Moreover, further studies have
indicated that T. gondii’s effect is highly specific to exploratory behavior and the fear
response in relation to cats and does not affect behaviors unrelated to transmission (Berdoy,
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Webster, & Macdonald, 1995; Vyas, Kim, Giacomini, Boothroyd, & Sapolsky, 2007; see
Heil, 2016 for more examples of trophic transmission).
Manipulation by sexually transmitted parasites to increase transmission opportunities
appears less common than manipulation for trophic transmission, though this may be due to
researcher bias rather than an actual dearth of occurrences (Heil, 2016). The most compelling
of examples is that of the H. zea moth and its sexually transmitted virus, Hz-2V. Female
moths ready for copulation engage in “calling” behaviors (rapid wing movements,
pheromone release, and ovipositor extension); during mating, males transfer anti-calling
factor peptides, which stops calling behaviors in healthy females and subsequent copulation
attempts by males (Burand, Tan, Kim, Nojima, & Roelofs, 2005). The Hz-2V STO disrupts
this sequence by creating a viral plug in the reproductive tract of the infected female, which
blocks the anti-calling factor (Burand et al., 2005; Burand & Tan, 2006). Infected females
will therefore mate with males but continue to call after copulation, thereby attracting more
mates and giving the virus more transmission opportunities (Burand et al, 2005). Moreover,
infected moths (both males and females) appear to be more attractive than uninfected moths:
females engaged in more calling behaviors when caged with infected males than when caged
with uninfected males (Burand & Tan, 2006), and males given a choice between infected and
uninfected females were twice as likely to approach the infected female (Burand et al, 2005).
For more examples of manipulation by sexually transmitted organisms and an analysis of the
strengths and flaws of this research, see Sarafin et al. (in prep).
These examples undergird the assertion that sexually transmitted parasites and
infections can manipulate host behavior to increase transmission opportunities, and they give
us a roadmap of how manipulation might work in the human-STO relationship. As in these
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other cases, STOs engaging in manipulation should manipulate their human hosts to engage
in more sexual activities with more partners.
Human Sexual Plasticity
STOs that attempt to manipulate sexual behavior may capitalize on the fact that
human sexual behavior is plastic. For example, an attractive woman in her early 20s may be
more interested in having fun with multiple partners than settling down, but she may start to
become more interested in commitment as she nears 30. This plasticity evolved through the
shifting costs and benefits of pursing different types of sexual strategies, with environmental
cues preceding these behavioral shifts (Gangestad & Simpson, 2000). However, because of
different reproductive adaptive problems faced in our evolutionary pasts, men and women
pursue slightly different mating strategies and respond to different environmental cues (Buss
& Schmitt, 1993; Gangestad & Simpson, 2000). Laboratory tests show that the sexual
strategies of both men and women can shift rapidly in response to relevant cues (Beall &
Schall, 2017; Thomas & Stewart-Williams, 2018).
In general, women are sensitive to environmental stress and the necessity of a coparent, as well as intra-cycle hormonal shifts (Gangestad & Simpson, 2000). When coparenting (either direct or indirect) improves their children’s outcomes, women want longterm partners who will invest heavily in children and thus are themselves likely to invest
highly in monogamous relationships. However, when pathogen prevalence is high, children’s
outcomes are more dependent on robust immune systems (and the genes that code for them)
than investment from an additional parent, so women are more likely to desire sex with
partners who impart these genes and may engage in short-term partnerships with multiple
men. Moreover, some research has found that women’s interest in attractive extra-pair
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partners increases around their fertile period, and thus they may be most likely to cheat on
their partners when they are most likely to conceive (Arslan, Schilling, Gerlach, & Penke,
2018; Gildersleeve, Haselton, & Fales, 2014), though this research has not been consistently
replicated.
Men, in contrast, adjust their sexual strategies based on women’s preferences.
Unconstrained by the multi-month time investment of pregnancy, men can theoretically
improve their reproductive success by having sex with multiple women, and therefore men
are more likely than women to be open to multiple short-term partners (Gangested &
Simpson, 2000). However, most men are not fit enough to be the short-term partner that
women want, and thus they are most likely to improve their reproductive success by entering
into long-term partnerships and investing in one partner and their children. Men’s shifts in
sexual strategies will therefore mirror women’s shifts in that as women become more open to
short-term mating, so will men. Indeed, men’s interest in long-term relationships is not rankorder correlated over time (Bleske-Recheck & Ryan, 2015), suggesting men are sensitive to
environmental cues and adjust their strategy accordingly.
Besides shifting because of larger environmental cues, individuals may recalibrate
their sexual strategies due to local mating markets or socio-cultural contexts. For instance,
when there is an imbalance in the local sex-ratio, the scarcer sex becomes a hot commodity,
and they can demand their desired relationship type (Kandrik, Jones, & DeBruine, 2015;
Moss & Maner, 2016; Schmitt, 2005b). Culturally, women’s sociosexuality is also tied to
their economic, political, and reproductive freedom such that sex differences in sexuality
become more muted (women are more sexually unrestricted) when women have access to
economic and political power (Schmitt, 2005b).
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The crucial point regarding human sexual plasticity is that it makes us vulnerable to
manipulation: the machinery needed to shift humans from one sexual strategy to another is
already in place, and therefore an outside agent who could hijack this machinery could
change our behavior with relative ease. For STOs, a slight shift in human sexual behavior
may unlock many new transmission opportunities, and thus an STO that is able to control
these shifts could out-compete other, non-manipulative strains.
Proximate Mechanisms of Control
However, if we’re going to postulate that STOs could hijack the machinery that
controls human sexual behavior, we must have a better understanding of what this machinery
is. That is, we must at least have a plausible proximate mechanism through which STOs
could control our sexual behavior. Research in other parasite-host manipulative relationships
and in humans’ unparasitized behavioral organization suggests that STOs could use the
immune, neuromodulatory, or endocrine systems, either alone or in concert (Lafferty &
Shaw, 2013; Perrot-Minnot & Cézilly, 2013).
Firstly, immune manipulation is important not only to prevent infection clearing, but
also to shut down sickness behaviors so as to not cause a reallocation of time away from
sexual activities or to alert potential partners to the presence of the STO (Adamo, 2014; Hart,
1988). Indeed, evidence already suggests that some STOs may be able to do exactly this. For
example, chlamydia infection is associated with a release of the IL-10 cytokine, which
inhibits infection clearing and shuts down sickness behaviors by interfering with the proinflammatory cytokines TNF-α and IL-1β (Malhotra, Sood, Mukherjee, Muralidhar, & Bala,
2013). Moreover, this appears to be real over-correction (i.e., manipulation) and not a normal
part of the infection process (Sarafin et al., in prep), though it is important to remember that
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many of these studies were conducted on rats, with human studies presenting more equivocal
results (Agrawal, Vats, Wallace, Salhan, & Mittal, 2007; Malhotra et al, 2013). Other STOs
appear to have similar effects as chlamydia (Sarafin et al., in prep), though herpes may use a
slightly different tactic: HSV-1 induces the release of the cytokine IL-6, which causes
neurodegeneration in large quantities, but more subtle behavior changes in smaller amounts
(Baker, Noisakran, Gebhardt, Kriesel, & Carr, 1999). Importantly, though IL-6 increases
sickness behaviors when co-released with TNF-α or IL-1β, it does not induce them when
released alone (McCusker, & Kelley, 2013), so HSV-1 is able to achieve neural control
without the associated sickness behaviors.
However, it is unlikely that immune manipulation alone is likely to drive large effects
into changing human sexual behavior. Firstly, immunomodulation and subsequent
manipulation occurs via information processing initiated by pro-inflammatory cytokines such
as IL-1β and TNF-α; since many STOs are able to circumvent the release of these cytokines
it is unclear how an STO might harness this potential for its own behavioral control (see
Sarafin et al. (in prep) for more detail). Secondly, many of the parasitic manipulation
examples thought to operate thusly cause changes in host behavior that are pathological
extremes of normal host sickness behavior; for example, parasites that shut down host
reproductive output (de Jong-Brink, Bergamin-Sassen, & Soto, 2001). It is therefore unclear
how this system could operate outside the boundaries of typical host response to infection,
such as increasing host sexual behavior beyond baseline.
Insofar as immune system manipulation plays a role in behavioral manipulation, it
likely does so in conjunction with the neuromodulatory and endocrine system. The multidirectional communication between these systems suggests that the effects of immune
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manipulation may be mediated through these systems (Demas, Adamo, & French, 2011), or
that immune suppression is working in parallel with hormonal manipulation to change sexual
behavior, as research suggests that hormones organize our sexual behavior.
In particular, testosterone (T) is a promising candidate for proximate control. T
controls much of men’s reproductive behavior organization, with high levels of T aiding in
securing partners (Roney & Gettler, 2015), and drops in T associated with entering into pairbonds and becoming fathers (e.g., long-term oriented behaviors; Grebe, Sarafin, Stenth, &
Ziolli, 2019). Indeed, men infected with HIV have elevated T levels early in the infection
process but abnormally low T later in infection (Sellmeyer & Grunfeld, 1996), suggesting T
levels change as a function of infection and are not merely reflective of correlations between
T and high baseline sexual behavior. T may also be related to women’s short-term sexual
behavior, though the research is not as clear cut as it is for men, and women’s preference
shifts through-out the ovulatory cycle suggest that interest in uncommitted sexual partners is
also related to increases in estradiol and decreases in progesterone (Gildersleeve et al., 2014;
Motta-Mena & Puts, 2017). Moreover, T interferes with immunocompetence (Gubbels Bupp
& Jorgensen, 2018), so STOs stimulating T would have the dual effect of increasing sexual
behavior and suppressing the immune system and infection clearing.
This does not mean that T is the definitive proximate mechanism of manipulation.
Other hormones or neuromodulators may be at play, for example the dopaminergic system,
which has been implicated in other host-manipulator relationship; indeed, as iterated earlier,
manipulation may occur via coordination between all these options and the immune system.
The point here is not to make a case for one proximate mechanism, but to illustrate that
proximate mechanisms exist through which this control may function. Human evolution of
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behavioral plasticity and this plasticity’s organization via complex systems make us open to
manipulation at any one of many inflection points that must go exactly right to coordinate
behavior.
HIV
As a “test-subject” for how an STO may infiltrate proximate machinery to control
human behavior, let us turn to HIV. Disparate literature from the HIV universe illustrates
how exaptation of dopamine control may be useful in changing human behavior to increase
transmission opportunities.
HIV-positive individuals often exhibit changes in personality, concentration, and
cognitive functioning (Antinori et al., 2007), including disruption of the reward processing
system (Anderson, Kronemer, Rilee, Sacktor, & Marvel, 2016). This disruption leads to
behavioral disinhibition, thus making infection status a predictor of future risky decision
making and risk-taking behavior (Anderson et al., 2016; Soontornniyomkij et al., 2016).
These behavioral changes are thought to be mediated through the dopaminergic
system. HIV produces a protein called Tat (trans-activator of transcription), which aids in
viral DNA transcription (Zayyad & Spudich, 2015) but also activates the dopaminergic
system (characterized by increased dopamine levels, altered ratios of excitatory/inhibitory
synaptic responses, and moderated glutmate and GABA release; Gaskill, Miller, GamblerGeorge, Yano, & Khoshbouei; 2017). This dopaminergic activation also increases HIV
infection of microphages, which is a crucial component in the pathogenesis of the disease
(Gaskill, Yano, Kalpana, Javitch, & Berman, 2014). Thus, while HIV production of Tat
likely evolved because it increased viral load (and therefore infectiousness), Tat’s
interference in reward processing could also serve to increase horizontal transmission
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opportunities (i.e., more sex with more partners), that would also help this HIV strain outcompete other strains. That is, it is possible that insofar as HIV manipulates sexual behavior,
this manipulation arose via an exaptation rather than an adaptation.
So What if All this is True? What Does It Mean?
If STOs do manipulate human sexual behavior, what, exactly, would this look like?
The ultimate “goal” of manipulation would be to increase partner numbers, and thus
manipulated behaviors should be specific to this end (that is, we would not expect HIV+
individuals to develop a fear of predators, as this would do nothing to increase transmission
rates). How do humans achieve more sexual partners? One way is by becoming more
physically attractive, as this is a trait valued in both male and female partners (Li & Meltzer,
2015), with attractive individuals having more short-term mating opportunities than
unattractive individuals (Fisher & Cox, 2009). However, physical attractiveness is valued in
long-term partners as well as short term flings (Li & Meltzer, 2015); an STO that increases
attractiveness increases their host’s mate value as a long-term partner, and thus may only
achieve a better long-term partner for their host. Moreover, an attractive individual with more
short-term mating opportunities available may not necessarily accept them, so an STO
manipulating host attractiveness could not guarantee the effectiveness of this strategy.
Instead, an STO should increase their hosts’ likelihood of seeking out and accepting
short-term partners; that is, the person would become more short-term mating oriented.
However, this may be qualified by an interaction with host gender. Women have an easier
time than men finding willing sexual partners, yet generally want few partners over their
lifetimes (Buss & Schmitt,1993), so manipulative STOs in a female host that increase shortterm mating orientation would likely see an increase in transmission opportunities as well. In
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contrast, men are more interested than women in short-term mating at baseline but are
stymied by a lack of women willing to be short-term sexual partners (Buss & Schmitt, 1993),
so increases in short-term mating orientation would not cause a commensurate increase in
transmission opportunities. However, not all research agrees that men are more short-term
oriented (Pedersen, Miller, Putcha-Bhagavatula, & Yang, 2002; Stewart-Williams, &
Thomas, 2013), and in fact, most men have long-term mating orientations (Gangestad &
Simpson, 2000). It is therefore unclear whether an STO infecting a male host could profit by
increasing their host’s short-term mating orientation. In fact, it may be profitable for STOs
infecting male hosts to increase physical attractiveness rather than short-term mating
orientation, as this would increase women’s likelihood of accepting them as short-term
partners.
However, expecting STOs to manipulate differently based on host gender would
require even more fine-tuned manipulation than already required. The STO would have to
somehow sense host gender and adjust their manipulative strategy accordingly. A more
plausible alternative is that the STO manipulates the short-term mating orientation of both
men and women, but that the male manipulation is a byproduct of the female manipulation,
as increases in female short-term mating orientation alone would sufficiently increase the
number of horizontal infection opportunities. Further, if women are already more likely to
accept more sexual partners, the STO may not have to even manipulate men to change their
mating orientation, as men are responsive to shifts in female mating orientation (Gangestad
and Simpson, 2000). However, it should be noted that HIV does appear to differentially
affect male and female rodents (Hahn, Podhaizer, Farris, Miles, Hauser, & Knapp, 2015), so
these gender-based differences in manipulation effects are not entirely radical.
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Manipulating host mating orientation would likely change many host behaviors
beyond number of sexual partners even though this may be the ultimate “goal” of
manipulation. Previous work investigating the relationship between infection and sex has
focused almost exclusively on partner numbers (e.g., DiClemente et al., 2005; Faber et al.,
2017), but this is likely a byproduct of the misplaced causal assumptions. Instead, if STOs
are manipulating behavior via the aforementioned proximate mechanisms (e.g., T), we
should expect that human behavior changes in multiple ways related to short-term mating, as
these mechanisms control many facets of human mating behavior. Indeed, parasites in other
manipulative relationships manipulate suits of traits rather than just one (Perrot-Minnot &
Cézilly, 2013).
The Ideal and Current Studies
Many lines of research will surely follow from this new hypothesis, including
investigations of the proximate mechanisms of control, genetic analyses of suspected
manipulators, or examinations into the specific people most likely to be manipulated.
However, before any of these studies becomes feasible and theoretically sound, we need to
affirm that infection with an STO indeed causes changes in host sexual behavior. The gold
standard of establishing causality is through true experiments using random assignment to
conditions, as these studies meet the three criteria for establishing causality: (a) they establish
that the proposed cause and effect are correlated, (b) they establish that the proposed cause
precedes the proposed effect in time, and (c) they control for alternate explanations (Cozby &
Bates, 2018).
Unfortunately, true experiments are often unethical in medical studies; instead,
researchers often use longitudinal designs to determine disease effects and pathogenesis.
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Although these designs cannot control for possible alternate explanations (criterion c), they
are able to meet criteria (a) and (b). As prior studies investigating the STO-sexual behavior
link have only established criterion (a), a longitudinal study that establishes that acquiring an
STO precedes and predicts sexual behaviors would meet one more criterion of causality, thus
strengthening causal claims. The current study will therefore use a longitudinal design to test
whether becoming infected with an STO predicts short-term mating behaviors at later time
points.
Ideally, researchers design their own longitudinal studies to control data collection
methods, exact variables to be collected, and time until follow-ups. However, these studies
are often expensive and typically rely on grants from the NIH or other big donors who
require substantial supporting research before allocating money. As this theory is a new
research area that questions conventional wisdom, it is unlikely to get funded without
showing the hypothesis has been tested and supported in extant data sets. This study will
therefore use an existing data set from which our variables of interest can be constructed;
although this method is not perfect in studying manipulation, it is an important first step in
gaining future funding opportunities.
Specific Aim
Establish the temporal precedence of STO contraction prior to short-term sexual
behavior outcomes. Hypotheses: individuals who contract an STO will exhibit more shortterm sexual behaviors (more sexual partners, more one-night stands, shorter wait times in
relationships until the initiation of sex, and shorter relationships) at follow-up than
individuals who do not contract an STO, controlling for behavior at baseline.
Which STOs?
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Of course, not all STOs are created equal; that is, their shared mode of transmission
does not mean that all or none are manipulators. Previous research has indicated the likeliest
manipulators are HIV and HSV-2, with gonorrhea, HPV, and syphilis as potential candidates
because of their specificity to humans and their known immune system interference (Sarafin
et al., in prep). Indeed, the viable pathways of manipulation for HIV suggest investigating
HIV infection affecting human sexual behavior is a viable area of research. Similarly, HSV
has a (potentially) causal effect on the sexual behavior of rodents (Baker, Noisakran,
Gebhardt, Kriesel, & Carr, 1999), and as such, deserves a closer investigation in human
studies. However, as this study is exploratory, I will investigate each STO’s effects on the
outcome sexual behaviors.
We also don’t know how long after infection it will take for the manipulative effects
to “kick in.” For any bacterial/protozoan manipulators, one might expect that manipulative
effects should start soon after infection: since these STOs are cleared with high fevers (Hart,
1988), a bacterial manipulator that wasn’t able to control host behavior before next flu season
would likely have never evolved. Even in other cases of manipulation where behavioral
changes persist after the parasitoid departs (such as D. coccinellae wasps parasitizing
ladybugs), this behavioral control is mediated through the replication of viral RNA left at the
infection site, with behavior returning to normal after the infection is cleared (Dheilly et al.,
2015). In contrast, for the viral infections that last a lifetime (HIV and HSV, some HPV
strains, and some cases of HBV), evolution could have selected manipulation that
materialized more slowly. This latency until manipulation will likely be better understood
once research narrows down the proximate mechanism through which STOs exert behavioral
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control; until then, studies that investigate this relationship should assess behavior at multiple
follow-ups post-infection.
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Methods
The Dataset
This study uses data from the National Longitudinal Study from Adolescent to Adult
Health (Add Health; Harris, 2009), a longitudinal study from the University of North
Carolina that follows a nationally representative sample of individuals from adolescence
through young adulthood and seeks to understand the social, psychological, behavioral, and
environmental factors that influence health and life trajectories. Sample selection procedures
are detailed in Harris, 2013. Data collection has occurred in four waves, with a 5th being
currently collected. The first wave was collected in 1995 while individuals were in grades 712 (aged 12-18). Wave II was collected in 1996, Wave III in 2001-02 (individuals aged 1826), and Wave IV in 2007-08 (individuals aged 24-32). This study uses data from Waves I,
II, and III; the longitudinal sample is comprised of 12,828 individuals from 132 schools
across the country. Add Health provides weights and clustering variables to account for the
complex survey design, attrition, and probability of selection in the sample to create a
nationally representative dataset.
At Wave I, participants completed an in-school questionnaire and an at-home
interview, and participants’ parents completed an additional questionnaire on family
resources and neighborhood context. Most of the in-home interview was conducted with the
research assistant reading the question out loud to the participant, then entering the
participant’s answers into a laptop. For sensitive information, including information on
sexual relationships and health, the study used audio-computer assisted self-interview
(ACASI), whereby the participant entered the information into the laptop on their own
without disclosing it to the research assistant. This technique has been shown to increase
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honest reporting and decrease socially desirable responding compared to face to face
interviews (Ghanem, Hutton, Zenilman, Zimba, & Erbelding, 2005). For any questions that
asked participants about a specific date an event occurred (e.g., when a relationship began),
participant recall was aided by a calendar. The calendar included the dates of major historical
events; as participants entered dates of their life events, these dates also appeared on the
calendar.
For follow-up waves, participants completed the in-home interview with research
assistants. The interview was conducted in the same manner as in Wave I, with sensitive
information collected using ACASI.
STO Variable Construction
Add Health collected information about each of the eight most common STOs at
every time point except HPV, which was only included in Waves III and IV, and HBV,
which was only included in Waves I and II. Additionally, of the two HSV strains, only HSV2 was assessed by asking about genital herpes specifically.
In Wave I, individuals were first asked if they ever had vaginal sex; individuals who
answered “no” were not asked follow-up questions on STOs. Individuals who answered
“yes” were then asked, “Have you ever been told by a doctor or a nurse that you had
<STO>.” Individuals who answered “yes” were further prompted about when they had first
contracted that STO (within the last year, 1-2 years ago, or more than 2 years ago).
Individuals who answered “no” or “not applicable” to the first question or who skipped out
of the section were marked as not having that STO; individuals who answered “don’t know”
or refused to answer the first question were marked as missing.
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Individuals were marked as having HIV or HSV-2 if they indicated they had the STO,
no matter when they contracted it, as these are life-long infections (CDC: Fact Sheet). For
chlamydia, syphilis, gonorrhea, and trichomoniasis, individuals were marked as having the
STO if they first contracted it within the past year, as infections acquired earlier were likely
cleared with antibiotics. Individuals who first contracted the STO over a year ago were
marked as missing, as these individuals could have reasonably become re-infected within the
past year. Lastly, HBV was coded the same way as the bacterial infections: 95% of HBV
infections contracted after early childhood are acute, meaning the individual clears the
infection within 6 months, and thus infections contracted earlier were likely cleared (Hyams,
1995).
In Wave II, individuals were first asked if they ever had vaginal or anal sex;
individuals who answered “no” were not asked follow-up questions on STOs. Individuals
who answered “yes” were then asked “Since {month of last interview}, have you been told
by a doctor or a nurse that you had <STO>.” Individuals who answered “yes” were marked
as having that STO; individuals who answered “no” or who were skipped out of the section
were marked as not having that STO (an answer of “not applicable” was not available in this
Wave); individuals who answered “don’t know” or refused to answer the question were
marked as missing. For HIV and HSV-2, participants were also marked as having the STO if
they indicated they had contracted it at Wave I.
In Wave III, all individuals answered STO questions. Individuals were asked “In the
past 12 months, have you been told by a doctor or nurse that you had the following sexually
transmitted diseases” followed by a list of STOs. Individuals who answered “yes” were
marked as having that STO; individuals who answered “no” or “not applicable” were marked
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as not having that STO; individuals who answered “don’t know” or refused to answer the
question were marked as missing. For HIV specifically, besides being asked about diagnosis
in the past year, individuals were asked “Have you ever been told that you have HIV or
AIDS?”. Individuals who answered “yes” were marked as yes; individuals who answered
“no” or “not applicable” were marked as no; individuals who answered “don’t know,”
refused to answer the question, or were not asked the question were marked as missing. For
HSV-2, participants who indicated they had the infection at Waves I or II were also marked
as having the STO. Unfortunately, this means that any HSV-2 infections acquired in the
years between the Wave II interview and one year prior to the Wave III interview were not
counted.
Outcome Sexual Behavior Variables
Four behaviors indicative of a short-term mating strategy can be constructed from the
Add Health dataset. Two, “number of sexual partners in the past year” and “number of
people with whom you’ve had sex on only one occasion in the past year” (e.g., one-night
stands), are both questions from the SOI-R Behaviors subscale (Penke & Asendorpf, 2008),
where larger responses to both questions are indicative of greater short-term mating behavior.
The third short-term behavior is “average length of relationship before sex was initiated,”
which mirrors questions from Schmitt’s 2005(a) Short-term Mating Interests scale (e.g., how
likely are you to have sex with someone you’ve known for one month? 1 year? 5 years?);
shorter lengths of time in a relationship before initiating sex indicate greater short-term
behaviors. The last variable is “average relationship length.” This variable is not pulled from
a specific mating interest scale but rather general theory: because individuals are more open
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to flings and less interested in commitment, short-term individuals are expected to have
shorter relationships on average than long-term individuals.
This study will consider vaginal sex, oral sex, and anal sex to be equal, as STO
infections can spread through any of these behaviors (CDC: HIV Risk Behaviors; CDC: STD
Risk and Oral Sex – STD Fact Sheet) and we do not have specific hypotheses differentiating
manipulation of types of sexual behavior. However, they are not equal in terms of
transmission risk; for example, the risk of contracting HIV from receptive anal sex is 34
times greater than the risk of contracting HIV from insertive vaginal sex (CDC: HIV Risk
Behaviors). Future research may therefore want to focus on high-risk sexual behavior.
Our research predictions are therefore as follows: individuals who are STO-positive
at Wave I will have more sexual partners, more one-night stands, shorter relationships, and
shorter wait times until sex is introduced into their relationships at Wave II compared to
individuals without STOs. Similarly, STO-positive individuals at Wave II (1996) will have
more sexual partners, more one-night stands, shorter relationships, and shorter wait times
until sex is introduced into their relationships from 1997 – 2001 (Wave III), compared to
individuals without STOs.
Add Health did not explicitly gather information on these four outcome variables, but
rather investigated participants’ romantic and sexual relationships and the activities they did
in those relationships; our sexual outcome variables were constructed from these general
questions.
Relationship Selection Process
Before detailing how the dependent variables were constructed, we need more
information on which relationships were included/excluded from data collection and analysis
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for two reasons. Firstly, Add Health did not gather information on all of participants’
romantic and sexual relationships, but rather restricted participants to choose only a few that
were probed in further detail. Secondly, our variables of interest are behaviors that occurred
within year-long time segments (e.g., “the past year”), and we therefore need to understand
how it was determined that relationships (and thus the behaviors that occurred within them)
fit in the appropriate time segments.
Wave I. Participants were asked to list up to three romantic relationships that
occurred in the past 18 months; these three relationships were probed in detail. Participants
with more than three romantic relationships were asked to choose the three most important.
Participants then indicated whether they had sex with anyone in the past 18 months besides
the (up to) three relationships listed as romantic partners. Participants who said yes were
asked to choose (up to) three of these individuals, and these relationships were probed in
greater detail. The researchers administered different forms of the questionnaire based on
whether the relationship was part of the romantic or sexual sample. Participants in same-sex
relationships did not have their relationships probed in further detail, so these relationships
were not included in any outcome variables.
For our analyses, all relationships were screened to select those that occurred within
the past year. In the romantic sample, participants indicated the start month and year and end
month and year of the romantic relationship; current relationships had the end date set to the
interview date. Participants in the sexual sample were not asked these questions. Participants
in relationships with a sexual component (no matter the sample) indicated the month and year
of the first and most recent vaginal sexual encounter. Relationships were marked as recent
and included in analyses if the end date or date of most recent sexual encounter occurred
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within the past year, or, if these dates were missing, if the start date or first sexual encounter
occurred within the past year.
Wave II. Like Wave I, participants in Wave II were able to list up to three romantic
partners and three sexual partners they had since the date of the last interview, with divergent
questions asked depending on whether the relationship was part of the sexual or romantic
sample. Unlike Wave I, Wave II collected information on male same-sex relationships,
though female same-sex relationships were still excluded.
Relationships were screened to ensure they were within the past year. In the romantic
sample, participants indicated the start month and year and end month and year of the
romantic relationship; current relationships had the end date set to the interview date. This
information was not collected for relationships in the sexual sample. Participants in
relationships with a sexual component (no matter the sample) indicated the month and year
of the first and most recent vaginal sex and anal sexual encounters; the earliest of these was
chosen as the date of the first sexual encounter, and the latest date was chosen as the most
recent sexual encounter. Relationships were marked as recent and included in analyses if the
end date or the most recent sexual encounter was within the past year. If these dates were
missing, the relationship was included if the start date or date of first sexual encounter
occurred within the past year.
Wave III. Participants were asked to list all their romantic or sexual relationships
since 1995. Add Health investigators split these relationships into three categories based on
type of relationship; relationships could be part of one or multiple categories. First, all
relationships that were marked as having a sexual component were included in the sexual
sample. Secondly, all relationships were entered to be selected as part of the couple sample,
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comprised of 1/3 married couples, 1/3 cohabitating couples, and 1/3 dating couples. Lastly,
each participant’s two most important relationships were identified and included in the Udry
sample (named for one of the UNC investigators); see the Wave III codebook for details on
how these were selected. Relationships that were not sexual, not selected as part of the
couple sample, and were not one of two most important relationships were not investigated
further. Researchers administered different forms of the questionnaire based on which
category/categories the relationship fell into. Unlike previous waves, female same-sex
couples were included.
For relationships in the Couple or Udry sample, participants indicated the month and
year of the beginning of the relationship. Participants who could not remember the exact
month were asked in what season the relationship began, with winter defined as December –
February, spring defined as March – May, summer defined as June – August, and fall defined
as September – November. Winter relationships were coded as starting in January, spring
relationships were coded as starting in April, summer relationships were coded as starting in
July, and fall relationships were coded as starting in October. Participants were not asked
when the relationship ended.
For relationships with a sexual component, participants indicated the month and year
of the first sexual encounter; for participants who could not remember the month, they were
asked what season the sexual component began, and dates were estimated as for the
relationship start date. For specific sexual acts that were only committed once (e.g.,
performing oral sex on a partner), participants also indicated the date of these acts. Given that
participants were asked to remember roughly six years of relationships, date of the first
sexual encounter was checked using participants’ self-reported age at the start of the sexual
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relationship (“How old were you when your sexual relationship with <Partner> began?”).
The age was added to the participants’ birthday to find a range of plausible dates of the first
sexual encounter. However, as there is often difficulty in computing ones’ age at a given date
(Wu, Martin, & Long, 2001), participants could have plausibly been several years older or
younger than their reported age at the start of the sexual relationship. Therefore, dates of the
first sexual encounter given by participants that were within two years of the date suggested
by the age computation were accepted as valid. Relationships with missing or non-valid dates
had date of first sexual encounter calculated by subtracting the self-reported sexual
relationship length (“How long did your sexual relationship with <Partner> last?”) from the
date of the most recent sexual encounter (see below); if this was missing, the earliest date of
sexual acts that were only committed once was substituted as date of the first sexual
encounter, provided that the recalculated date was closer to the plausible date range than the
original date.
Participants also indicated the month and year of the most recent sexual encounter, as
well as the last date they had engaged in each specific sexual act; these dates were compared,
with the most recent set as the date of the most recent sexual encounter. For relationships that
were current, the most recent sexual encounter was set as the interview date.
Relationships were then placed in time to characterize the outcome sexual behavior
over the last five years (e.g., at what point in the last five years did this relationship occur?).
For each participant, time was split into year-long segments (the year leading up to the
interview, the year prior to that, etc.). Because most participants were interviewed in
November-December of 2001, these year-long time segments roughly correspond to the
years 1997 – 2001, though because not all participants were interviewed on the exact same
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day, “the past year” refers to a slightly different time frame for each participant. However,
for the sake of clarity, I will refer to the year time segments as if they correspond exactly to
the years 1997 – 2001.
Relationships were then sorted into the appropriate year(s). Because of discordant
dates (i.e., relationships in which the participant indicated the relationship ended before it
started), precedence was given to date of the most recent sexual encounter to determine in
which year(s) the relationship occurred. The relationship was determined to have occurred in
the given year if (a) the most recent sexual encounter occurred during that year, (b) the most
recent sexual encounter was after that year but the start date or the first sexual encounter
occurred during that year, or (c) the most recent sexual encounter was after that year but the
start date or the first sexual encounter occurred before that year. If the most recent sexual
encounter had occurred before that year, the relationship was determined to not have
occurred during that year. If the date of the most recent sexual encounter was missing, the
relationship was determined to fit in the given year if the start date or date of first sexual
encounter occurred during that year. In all other cases (and for relationships in which all
dates were missing), the relationship was considered to not have occurred during that year.
See Figure 1 for a visual representation of how relationships were placed in time.
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Figure 1
Play this Fun Game to See if the Relationship Occurred During a Given Year!

Unfortunately, participants were not able to remember any dates for ~10% of the
relationships detailed at Wave III, and therefore these relationships were unable to be placed
in any time segment. These relationships were more likely to be one-night stands than
relationships that were able to be placed (χ2 = 173.84, p < .001); the dependent variables for
“number of one-night stands” and “number of partners” are therefore under-reported.
Further, these relationships are systematically related to two of the STOs reported at Wave II:
they were more likely to be from people who had chlamydia (χ2 = 27.98, p < .001) and
somewhat more likely to be from people with HSV-2 (χ2 = 3.36, p = .067), suggesting that
the estimates for “number of partners” and “number of one-night stands” for individuals with
these STOs are likely to be under-reported. Further, for both chlamydia and HSV-2,
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relationships without dates were also more likely to be from female participants, whereas for
men there were no differences between observed and expected counts, suggesting that it is
specifically women with these infections who are under-counted on “number of partners” and
“number of one-night stands.”
“Number of Sexual Partners” Variable Construction
Wave I. All relationships included in the sexual sample were marked as sexual by
default. Participants with relationships in the romantic sample indicated the presence of a
sexual component while listing things they did with their partner (“We had sexual
intercourse”). These were relationships were then summed to create “number of sexual
partners in the past year.”
Wave II. All relationships included in the sexual sample were marked as sexual by
default. Participants with relationships in the romantic sample indicated the presence of a
sexual component while listing things they did with their partner (“We had sexual
intercourse”). In addition, any participant in an opposite sex relationship was asked “Have
you had sexual intercourse with <partner>?”. Participants who answered yes were also
marked as having sex with this partner. These relationships were summed to create “number
of sexual partners in the past year.”
Wave III. For all relationships, participants were asked if they had a sexual
relationship with this partner (“Have you had sexual relations with <Initials>? By sexual
relations we mean vaginal intercourse, oral sex, or anal sex”). Regardless of response, all
participants were later asked if they had vaginal (“Have you ever had vaginal intercourse
with <Partner>?”), oral (“Has <Partner> ever performed oral sex on you?”; “Have you ever
performed oral sex on <Partner>?”), or anal (“Has <Partner> ever performed anal sex or anal
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intercourse on you?”; “Have you ever performed anal sex or anal intercourse on <Partner>?”)
sex with the partner. Relationships were coded as sexual if they answered “yes” to any of
these questions. For each time segment, number of sexual relationships were then summed.
“Number of One-Night Stands” Variable Construction
Wave I. For relationships with matching dates for first and most recent sexual
encounter, researchers asked participants if they had sex with this person once or multiple
times (“Did you and <Partner> have intercourse once, or more than once?”). Relationships in
which the participants answered “once” were characterized as having sex on only one
occasion. These relationships were then summed.
Wave II. Participants who indicated that their relationship were sexual were asked if
they had vaginal sex, anal sex, or both; for each sexual act endorsed, participants indicated
whether they had sex once or more than once. Relationships were characterized as one-night
stands if dates of the first and most recent sexual encounter matched and they indicated they
had engaged in each sexual act once or not at all. These relationships were then summed.
Wave III. For each sexual act endorsed, participants were asked how many times
they had had sex in that way with that partner. If the dates of the first and most recent sexual
encounters matched and participants indicated they had engaged in each sexual act once or
not at all, the relationship was characterized as a one-night stand. However, this led to a
larger amount of missing data than in the previous waves, likely because participants were
required to remember dates from the more distant past. For missing data, the date matching
requirement was relaxed, and relationships were considered one-night stands if participants
indicated they had engaged in each sexual act once or not at all. For each time segment,
number of these relationships was summed.
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“Average Length of Relationship Until Sex is Initiated” Variable Construction
Wave I. Time in the relationship until sex was initiated was calculated as the
difference in months between the relationship start date and the date of the first sexual
encounter. This variable could not be calculated for relationships in the sexual sample
because participants were not asked the start date. Before averaging, times were checked for
outliers (for example, participants who indicated they had sex 10 years before the
relationship started; see results). Though this is a nationally representative sample and we
should expect to find responses in the tails, this must be balanced with the possibility that
participants misremembered dates, intentionally misled interviewers, or did not accurately
report length for any number reasons. Therefore, cases with values +-3.1 standard deviations
from the mean (z > 3.1; p < .001) were considered outliers and were recoded to the next nonoutlier value. After recoding, time until sex was averaged for each participant.
Wave II. Like Wave I, time in the relationship until sex was calculated as the
difference in months between the start date and first sexual encounter. This variable could
not be calculated for relationships in the sexual sample. Data were checked for outliers and
then averaged for each participant.
Wave III. Time in the relationship until sex was calculated as the difference in
months between the start date and the date of the first sexual encounter. For all relationships
without a listed start date (either because participants weren’t asked or couldn’t remember),
participants were asked how long they had known their partner before they engaged in each
sexual act (vaginal, oral, or anal): one day or less, less than a week, one to two weeks, two to
four weeks, one to five months, six months to a year, and a year or more. Participants who
indicated they had known their partner for fewer than two weeks were coded as 0 (as in, they
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had known them for 0 months); participants who indicated they had known them for two to
four weeks were coded as 1 (known for 1 month); participants who indicated they had known
them from one to five months were coded as 3 (known for 3 months); participants who
indicated six months to a year were coded as 9 (known for 9 months); and participants who
indicated a year or more were coded as 12 (known for 12 months). Time known before each
sexual act was compared, with the minimum time known used to indicate time elapsed before
the initiation of sex. It should be noted that for relationships for which time could be
calculated both ways, estimating the time (the secondary method) suggested longer wait
times compared to using the given dates (the primary method; 4.58 months vs. 3.16 months,
respectively; z = 74.00, p < .001). Time was then checked for outliers and averaged for each
time segment.
“Average Relationship Length” Variable Construction
Wave I. Relationship length was calculated as the difference in months between the
start and end date, or if this was missing or led to a negative length, the difference in months
between the dates of first and most recent sexual encounters (per Kennedy, Tucker, Pollard,
Go, & Green, 2011). Lengths were checked for outliers before averaging, with values +3.1
standard deviations from the mean considered outliers; negative lengths were set as missing.
Wave II. Same as Wave I.
Wave III. For relationships that occurred within the past year, length was calculated
as the difference in months between the start date and the interview date (if current) or the
difference between the start date and the date of the most recent sexual encounter (if not
current). If start date was missing or was not asked (due to the version of the questionnaire)
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or the primary length calculation led to a negative length, length was calculated as the
difference between the dates of the first and most recent sexual encounter.
For relationships that did not occur within the past year, the cutoff date for that time
segment was compared to the most recent sexual encounter, with the earlier date chosen as
the relationship “end;” length was then calculated as the difference in months between the
start date/date of first sexual encounter and the relationship end. This method ensured that
relationships that continued past the cutoff date were only as long as they would have been at
that time, and thus gave a better snapshot of relationship length across time.
As in other waves, lengths for all segments were checked for outliers and negative
lengths before averaging.
Covariates
Analyses will control for a variety of other variables that are known to impact shortterm mating behaviors. Unless otherwise indicated, covariates were assessed simultaneously
to the outcome sexual behavior.
Sex
Men have more lifetime partners than women (Cheshire, Kaestle, & Miyazaki, 2019;
Rossi, Poulin, & Boislard, 2017), are more likely than women to have sex with an individual
after knowing them for any amount of time (Schmitt, Shackelford, & Buss, 2001), and have a
greater desire for short-term mates than women (Schmitt et al., 2001). Per Add Health
guidelines (Add Health: Frequently Asked Questions), participant sex was determined at
Wave III.
Sex*Infection Interaction
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Given that manipulative STOs may operate differently in male and female hosts (see
introduction section above), analyses will also control for the interaction between sex and
infection status. Moreover, to find the sex-specific effects of each STO, all analyses will be
run twice, with first women and then men acting as the reference group. This is in addition to
including the interaction term.
Age
Individuals tend to increase their number of sexual partners specifically and shortterm interests generally as they age from adolescence into their late teens and early 20s
(Bleske-Rechek & Ryan, 2015; Cheshire et al., 2019; Liu, Hariri, Bradley, Gottlieb,
Leichliter, & Markowitz, 2015; Rossi, et al., 2017). Though previous research has found a
curvilinear relationship that slopes downwards by mid-20s, this is largely due to relationship
status rather than age per se, as people tend to establish monogamous partnerships by their
mid-20s (Smith, 1991; Rossi, et al., 2017; Weaver, MacKeigan, & MacDonald, 2011). Age
also predicts relationship duration, with average relationship length increasing through
adolescence and early adulthood (Carver, Joyner, & Udry, 2003).
Marital Status
Married individuals have fewer sexual partners and longer average relationships than
unmarried individuals (Smith, 1991), and thus marital status will be controlled for in analyses
with a dichotomous dummy-coded variable. In Wave I, participants were marked as married
if they indicated they lived with a wife or husband (“What is [live-in-person’s] relationship to
you?”). In Wave II, participants were marked as married if they indicated their current
marital status was married or if they indicated they lived with a wife or husband. In Wave III,
participants were asked to list the names of all the people to whom they had ever been
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married; they were marked as married if they indicated they were still married to any of these
people.
Ethnicity
Prior research has found that black Americans have more sexual partners relative to
white individuals, and Asian Americans have relatively fewer (Cheshire, et al., 2019;
Haydon, Cheng, Herring, McRee, & Halpern, 2014). Black and Hispanic individuals also
have longer average relationships than white or Asian individuals (Carver et al., 2003).
Following Cheshire et al., 2019, individuals were coded as Hispanic if they are of Hispanic
or Latino origin. Otherwise, they were coded as white, black/African American, Native
American or American Indian, Asian or Pacific Islander, or other. In the event that
participants indicated more than one background, marked other, or marked no answers, they
were asked “Which one category best describes your racial background?” Ethnicity is a
dummy-coded variable using white participants as the reference group; it was assessed at
Wave I.
Parental Living Situation
Adolescents who live with both parents are less likely to have had sex than those who
live with single parents or step parents, and this effect continues into young adulthood well
after individuals move out of their parents’ houses (Cheshire et al., 2019; Kogan, Yu, Brody,
& Allen, 2013; James, Ellis, Schlomer, & Garber, 2012; Moilanen, Crockett, Raffaelli, &
Jones, 2010; Zimmer-Gembeck & Helfand, 2008). Per Cheshire et al., 2019, participants
were classified into one of four living situations: living with two biological/adoptive parents,
living with one bio/adoptive parent and one step parent, living with a single parent, or other.
At Wave I, participants were asked to list all the individuals who lived at their residence. If

40

STO INFECTION AND SEXUAL BEHAVIOR
they indicated either a mother or a father, they were asked to further define the relationship.
Participants who indicated the parent was biological, adoptive, or step/adoptive had that
parent coded as biological/adoptive; participants who indicated the parent was a step parent
had that parent coded as a step parent; participants who did not endorse any of these
categories or did not list a mother/father as living with them had that parent coded as “no
mother” or “no father”. Mother’s and father’s relationships were then compared to determine
the participant’s living situation.
Parental Education
Parents’ educational attainment impacts their children’s sexual behavior, but its
effects are unclear. Haydon and colleagues (2014) and Kogan and colleagues (2013) found
that individuals with less-educated parents had more sexual experience than individuals with
more-educated parents. However, these effects may change over time: Cheshire and
colleagues (2019) found that while parents’ education is negatively related to their children’s
sexual activity during adolescence, it is positively related to sexual activity once their child
reaches young adulthood. Participants were asked about both parents’ educational attainment
at Wave I. Answers were separated into the following categories, which were treated as
continuous variables: 1) did not graduate from high school, 2) high school graduate / GED,
3) some college, 4) vocational, trade school, or college graduate, 5) post college educated.
Family Resources
Family resources and ecological stress, often conceptualized as socioeconomic status,
is negatively related to number of sexual partners (Krieger, Waterman, Chen, Soobader, &
Subramanian, 2016; Kogan et al., 2013; James, Ellis, Schlomer, & Garber, 2012). In Wave I,
parents of the participants indicated their family income (pre-taxes) in 1994. However,

41

STO INFECTION AND SEXUAL BEHAVIOR
because income does not linearly track with socioeconomic status (the difference in SES
between families with a $30,000 income vs. a $40,000 income is not the same as the SES
difference between families with a $200,000 income vs. $210,000 income), income was logtransformed.
Physical Attractiveness
Individual physical attractiveness compared to peers and self-rated physical
attractiveness is positively correlated with likelihood of engaging in sexual activities during
adolescence, lifetime number of sexual partners, and uncommitted mating behaviors (Gillen,
Lefkowitz, & Shearer, 2006; Halpern, Waller, Spriggs, & Hallfors, 2006; Haydon et al.,
2014; Lukaszewski, Larson, Gildersleeve, Roney, & Haselton, 2014; Wiederman & Hurst,
1998; Woertman & Van den Brink, 2012), though this effect may depend on participant
gender, with some research finding that highly attractive men are more short-term oriented
than highly attractive women (McClintock, 2011; Rhodes, Simmons, & Peters, 2005). At
each wave, interviewers rated the physical attractiveness of the respondent compared to other
individuals their age on scales from 1-5, where 1 = not very and 5 = very. This was the same
procedure as was done in Cheshire et al. (2019) and Hayden et al. (2014).
Participant Religiosity
Participation in religion and religious beliefs are negatively correlated with short-term
sexual behaviors (Cheshire et al., 2019; Halpern et al., 2006). Although religiosity is latent,
and different religiosity questions were asked of participants across waves, four questions are
similar across waves and can be used as indicators of latent religiosity. In Waves I and II,
participants who indicated they were a-religious were not asked these follow-up questions;
these participants were all coded as being in the least religious category. For example, a-

42

STO INFECTION AND SEXUAL BEHAVIOR
religious participants were coded such that their frequency of prayer was set to “never”.
Wave III questions were asked of all participants.
Firstly, in all waves, participants were asked how often they had attended religious
services in the past 12 months, though participants were given different options across
waves. In Waves I and II, participants were given four options: never, less than once a
month, once a month or more but less than once a week, and once a week or more. In Wave
III, participants had seven options ranging from never to more than once a week (never; a
few times; several times; once a month; two or three times a month; once a week; more than
once a week). These options were collapsed to match the Wave I and II categories (as
recommended by Liu, Millsap, West, Tein, Tanaka, & Grimm, 2017): categories two and
three were combined to create “less than once a month,” categories four and five were
combined to create “once a month or more, but less than once a week,” and categories six
and seven were combined to create “once a week or more.”
Secondly, participants were asked “How important is religion to you” in Waves I and
II and “How important is your religious faith to you” in Wave III. Again, options differed
between waves. In Waves I and II, participants chose from four options: not important at all,
fairly unimportant, fairly important, and very important. In Wave III, participants had four
different options: not important, somewhat important, very important, and more important
than anything else. In order to match between waves, the Wave I and II categories “fairly
important” and “fairly unimportant” were collapsed into “somewhat important,” and in Wave
III the categories “very important” and “more important than anything” were combined into
“very important.”
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Thirdly, participants were asked about the frequency of prayer, though questions were
slightly different between Waves. In Wave I and II, participants were asked “How often do
you pray,” with five options: Never, less than once a month, at least once a month, at least
once a week, and at least once a day. In Wave III, participants were asked specifically about
the frequency of private prayer outside of religious services (“How often do you pray
privately, that is, when you’re alone, in places other than a church/mosque/temple/religious
assembly”) with eight options ranging from never to more than once a day. To match
categories while accounting for the more stringent requirements of the Wave III question
(while answering in Waves I and II, participants likely included prayer at their religious
services), the Wave III categories were collapsed into the following categories: never, once a
month or less, once a week or less, a few times a week, and once a day or more.
Lastly, participants in all waves were asked about how frequently they attended other
religious activities such as youth groups, Bible studies, or choir in the past 12 months. In
Waves I and II, participants had four options: never, less than once a month, once a month or
more, and once a week or more. In Wave III, participants had seven options ranging from
never to more than once a week (never, a few times, several times, once a month, 2 or 3
times a month, once a week, and more than once a week). These categories were combined
such that categories “few times” and “several times” were combined into “less than once a
month;” categories “once a month” and “2 or 3 times a month” were combined into “once a
month or more;” and “once a week” and “more than once a week” were combined into “once
a week or more.”
Parental Monitoring
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Adolescents with parents who closely monitor their activities are less likely to have
more than one sexual partner compared with individuals with less-involved parents (Kogan et
al., 2013). Though this construct is less likely to affect sexual strategies in young adulthood
(at Wave III, when individuals are ages 18-26), it is likely to affect sexual activities at Waves
I and II when individuals are ages 12-19. Therefore, analyses will control for parental
monitoring for behaviors assessed at Wave II. Eight variables may indicate parental
monitoring. “how much do you feel that your family pays attention to you” (coded on a fivepoint scale where 1 = not at all and 5 = very much) and seven binary indicators about
whether parents allowed the participant to make their own decisions on curfew, friends,
clothes, amount of television watched, type of television programs watched, bedtime, and
food choices.
Data Analysis Plan
Structural Equation Modeling
Establishing temporal precedence was done using structural equation modeling, with
outcome sexual behavior regressed on STO diagnosis of the preceding Wave (and applicable
covariates, including baseline sexual behavior; see Figure 2 for a model depiction). That is,
we will predict sexual behavior at Wave II with STO infection status at Wave I, and sexual
behavior at Wave III with STO infection status at Wave II. To find the sex-specific effects of
each STO, all models were run twice, first using women and then men as the reference
group. The outcome “number of sexual partners” was fit with a Poisson distribution. This
was also the plan for the outcome “number of one-night stands,” though this model ran into
computational problems; see the results section for a description of the problem and the
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solution. Analyses with outcomes “relationship length” and “time before sex is initiated”
were fit with normal distributions.
As participants were young at Waves I and II, it is unlikely that all participants had
their sexual debut at baseline. Except in extremely rare cases, these individuals will not have
any STOs, and including them in the comparison group (STO-free individuals) will bias
results: their sexual debut, a normal part of the aging process, will be read as an increase in
short-term sexual behavior (e.g., increasing sexual partners from 0 to 1), which will then
obfuscate group differences. To control for this, only individuals who had sexual experience
at baseline (time of STO assessment) were included. This was assessed at Wave I by asking
participants if they had ever had vaginal sexual intercourse and at Wave II by asking
participants if they had ever had vaginal or anal sexual intercourse.
Models were estimated in Mplus using the maximum likelihood with robust standard
errors estimator (MLR) to account for the complex survey design and the two count
outcomes (number of sexual partners, number of one-night stands). Prior to inclusion in the
structural models, the measurement models for the latent constructs “religiosity” and
“parental monitoring” were tested for goodness of fit as determined with a non-significant χ2,
CFI > .95, and RMSEA < .1 (Browne & Cudeck 1993; Hu & Bentler, 1999). As the
WLSMV estimator is typically suggested for the use of latent variables with categorical
indicators (Liu et al., 2017; though see Sass, Schmitt, & Marsh, 2014 for a dissenting
opinion), sensitivity analyses were run on the latent variable measurement models using the
WLSMV estimator.
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Figure 2
SEM Model

Note. Effects of interest are in red; the “parental monitoring” covariate was not included due
to a poor measurement model (see results).

Instrumental Variable Analysis
To bolster support for a causal (not merely correlational) relationship, instrumental
variable analysis was used to estimate the causal STO  outcome sexual behavior path.
Instrumental variable analysis is a statistical method used in epidemiology and the social
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sciences when the research goal is causal inference but true experiments are untenable.
Briefly, when unknown and unmeasured confounding variables distort the path between the
explanatory variable X and the outcome variable Y, an instrumental variable can measure the
association between these variables while removing the influence from the unmeasured
confounders (see figure 3; Statistics How To: Instrumental Variable: Definition &
Overview). The crux of instrumental variables is that they explain X but are not related to the
unmeasured confounders or to Y, and thus one can use the indirect effect of Z  X  Y to
find the true causal association between X and Y.

Figure 3
Instrumental Variable Model

In this research, unmeasured confounders such as self-efficacy, condom use, or even
area code could affect both STO risk and sexual behavior. To control for these confounds, I
will use the instrumental variable “immune system functioning,” which is theoretically
related to one’s STO status (individuals with strong immune systems are less likely to
contract an STO; Lena, Pourbohloul, & Brunham, 2005) but is not related to outcome sexual
behavior. Three questions in Add Health indicate immune system functioning: (a) “In
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general, how is your health?” measured on a 5-point scale where 5 = excellent and 1 = poor;
(b) “You seldom get sick,” measured on a 5-point scale where 5 = strongly agree and 1 =
strongly disagree; and (c) “When you get sick, you get better quickly,” measured on a 5-point
scale where 5 = strongly agree and 1 = strongly disagree. These items will be combined using
principle component analysis. Items were measured simultaneously to STOs; that is, when
STO infection status is assessed in 1995 at Wave I, so too are the items of immune system
functioning.
One must make three assumptions to use instrumental variables (see Duke University:
Causal Inference Bootcamp: Your Guide to Instrumental Variables for a more detailed
explanation). Firstly, the instrumental variable Z does not have a direct effect on the outcome
variable Y, but rather is only indirectly related through the explanatory variable X; this is
known as the exclusion restriction. For this study, this means that immune system
functioning should not be directly related to outcome sexual behavior but is only related
through STO infection status. Although some research groups have argued that immune
functioning is related to sexual behavior (albeit in opposite ways; Hill, Prokosch, &
DelPriore, 2015; Schaller, 2011) the research is not settled as to whether these effects are
direct or mediated through other variables, and so immune system functioning will be
assumed to not be directly related to sexual behavior for this work.
The second assumption, the relevance condition, says that the instrumental variable Z
does indeed cause the outcome variable Y (through its causal effects on X), so there should
be an association between immune system functioning and sexual behavior, albeit an indirect
one. Taken together with the exclusion restriction, these assumptions say that there is an
indirect link from immune functioning to sexual behavior as mediated through STO infection
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(decreased immune functioning causes STO infection, which causes short term sexual
behaviors). This assumption can be confirmed with the data by testing the strength of the
correlation between Z and Y.
The final assumption is the exogeneity assumption, which posits that the instrument Z
is randomly assigned to units of X; i.e., that Z is not related to any of the unobserved
confounders we’re trying to control for in the first place. In this case, it means that
participants’ immune system functioning is random and is not related to their knowledge of
sexual health, self-efficacy, quality of sex education, area code, etc. Although this is an
assumption and cannot be corroborated by the data, it is unlikely that poor sex education is
systematically related to immune system functioning (and not, say, state governments
controlled by religious conservatives). Because of this random assignment and the removal
of extraneous explanatory factors, one can assume that the associations between Z and X and
Z and Y are causal, not merely correlational. Functionally, this allows us to separate the
XY path into two sections: one that reflects the true casual effect of X on Y, and the other
that reflects the distortion from confounds. We can then use r(Z,X) and r(Z,Y) to solve for
the causal section of r(X,Y), i.e., to make the case that STO infection causes outcome sexual
behaviors.
Missing Data
Add Health recommends using the subpopulation command in Mplus to control for
missing data (Chen & Chantala, 2014). This option uses a dummy coded variable to indicate
whether a case is missing data on any variables in the model; cases with any missing data
have their weight set to zero, with all other weights adjusted to keep the sample nationally
representative. This essentially deletes the cases with missing data without biasing parameter
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estimates. Unfortunately, this means that the effective sample size for each analysis will (a)
vary over analyses, and (b) be smaller than the overall sample size. The results section starts
by describing the sample overall on covariates, STOs, and outcomes. Then each new analysis
is introduced with the effective sample size.
Alpha Corrections for Multiple Tests
In studies with multiple frequentist tests, the probability of finding a false positive
increases with every subsequent test. To prevent this, statisticians recommend using an αcorrection such that alpha is split among each test (Maxwell & Delaney 2004). For example,
in the Bonferroni correction, one splits the alpha evenly among each test such that if you are
running two tests with α = .05, the new significance threshold for each test is .025. In a study
such as this one where many hypotheses are being tested, splitting α this way would lead to a
far too conservative critical value and the Type II error rate would go up substantially, so
statisticians recommend using a false discovery rate (FDR) correction to control Type I error
(Maxwell & Delaney 2004). That was the intended approach with the SEM results.
However, due to a number of limitations experienced during analysis including very
low power and difficulties in running analyses on the variable “number of one-night stands,”
using an FDR correction would still raise the Type II error rate (Cramer et al., 2016). Instead,
I opted to not use an α correction and instead discuss overall results for each STO rather than
emphasize any one finding specifically. However, for the statistically conservative among us,
the SEM effects of interest that are significant when using the FDR are color-coded in the
results tables.
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Results
Covariate results for the full sample at each Wave are presented in Table 1. Mother’s
and father’s education were correlated (r = .55, p < .001), so these variables were combined
into a single variable that listed the highest level of education achieved by either parent. This
new variable had a mean of 2.99 (SD = 1.25).
Collinearity between variables was assessed by regressing each covariate on all other
predictors. None of the R’s exceeded .6, which suggested low levels of multi-collinearity
(Tabachnick & Fidell, 2007).
Of individuals who had their sexual debut by the Wave I interview (and were
therefore included in the SEM analyses on Wave II outcomes), the sample was less white
(59.5% of the sample) and less likely to live in a two-parent household (43.5%). Individuals
had an average age of 17.47 at Wave II, and their family income was slightly lower than the
sample as a whole ($39,555). There were no other appreciable differences in the other
covariates.
Of individuals who had their sexual debut by the Wave II interview (and were
therefore included in the SEM analyses on Wave III outcomes), the sample was less white
(62.7%) and less likely to live in a two-parent household (46.3%). They were more likely to
be married (21.0%), and their family income was slightly lower ($40,582). There were no
other appreciable differences in other covariates.
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Table 1
Covariate Values Across Waves.
Covariate

Wave I

Wave II

Wave III

Women

-

-

49.9%

Men

-

-

50.1%

White

67.4%

-

-

Black/African American

15.3%

-

-

Hispanic

11.9%

-

-

Native American /
American Indian

0.8%

-

-

Asian or Pacific Islander

3.7%

-

-

Other

0.9%

-

-

2 bio/adoptive parents

58.5%

-

-

1 bio parent, 1 stepparent

9.3%

-

-

Single parent

27.5%

-

-

Other

4.7%

-

-

15.54 (1.62)

16.46 (1.63)

21.90 (1.64)

Unmarried

99.5%

99.2%

85.4%

Married

0.5%

0.8%

14.6%

3.57 (.86)

3.55 (.80)

3.48 (.83)

Mother

2.71 (1.21)

-

-

Father

2.85 (1.28)

-

-

$45,460 (43,263)

-

-

Sex

Ethnicity

Parental Living Situation

Age
Marital Status

Physical Attractiveness
Parent Education Level

Family Income
Religiosity
1. Frequency of service
attendance
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Never

25.2%

26.6%

28.0%

Less than once a month

16.9%

17.6%

38.6%

Once a month or more

18.9%

19.2%

16.5%

Once a week or more

39%

36.5%

16.8%

Not at all

17.1%

18.9%

16.4%

Somewhat important

41.7%

41.9%

33.1%

Very important

41.1%

39.1%

50.1%

Never

20.7%

22.7%

23.6%

Less than once a month

7.9%

8.4%

14.2%

Once a month

9.4%

9.4%

14.9%

Once a week

21.4%

20.9%

12.2%

Once a day (or more)

40.6%

38.6%

35.2%

Never

49.9%

54.0%

75.3%

Less than once a month

13.2%

12.2%

16.1%

Once a month

14.6%

13.9%

3.7%

Once a week or more

22.4%

19.9%

4.8%

Not at all

1.1%

1.3%

-

Very little

5.7%

4.9%

-

Somewhat

22.3%

22.5%

-

Quite a bit

41.1%

40.9%

-

Very much

29.9%

30.4%

-

Yes

30.4%

39%

-

No

69.6%

61%

-

2. How important is
religion to you?

3. Frequency of prayer

4. Frequency of youth
activity participation

Parental Monitoring
1. How much do you feel
that your family pays
attention to you?

2. Make own decisions on
curfew
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3. Own decisions on
friends
Yes

83.8%

86.7%

-

No

16.2%

13.3%

-

Yes

89.6%

92.1%

-

No

10.4%

7.9%

-

Yes

80.6%

85.1%

-

No

19.45

14.9%

-

Yes

75.4%

81%

-

No

24.6%

19%

-

Yes

60.8%

69%

-

No

39.2%

31%

-

Yes

79.2%

84.9%

-

No

20.8%

15.1%

-

3.88 (.91)

3.90 (.89)

-

2. You seldom get sick

3.76 (1.04)

3.79 (1.03)

-

3. When you get sick, you
get better quickly

3.93 (.93)

3.99 (.89)

-

4. Own decisions on
clothes

5. Own decisions on how
much tv

6. Own decisions on tv
programs

7. Own decisions on
bedtime

8. Own decisions on food

Immune System
Functioning
1. In general, how is your
health?

Note. For categorical variables, proportion of population is presented; for continuous
variables, mean (SD) are presented. The variable “parental monitoring” was determined to
not fit and is not included in any analyses.
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Latent Variable Fit
Religiosity
Unit loading identification was used with indicator 1 (frequency of service
attendance) set as the unit indicator. Theory suggested items 1 and 4 (frequency of service
attendance, frequency of activity attendance) may be correlated outside of the model as both
are activities that take place outside of the home and therefore rely on other traits
(extraversion, planning, energy levels, etc.) not required of the other indicators. Models with
and without this external correlation were therefore tested and compared using a traditional
χ2 difference test, though because the difference test suffers from large sample size bias (the
difference test is more likely to be significant when working with large samples; Liu et al.,
2017; Rutkowski & Svetina, 2017), changes in RMSEA and CFI were also assessed using
cutoffs from Chen, 2007 and Meade, Johnson, & Braddy, 2008.
Based on the unequal category endorsement of “frequency of youth activity
participation,” particularly at Wave III, the item responses were collapsed into a binary of
attended/did not attend youth activities across all waves. All other indicators were
unchanged.
Results are presented in Table 2; at each wave, model 1 does not include the external
correlation between items 1 and 4; model 2 does. Substantive results did not differ between
estimators, so only the MLR results are presented, though it should be noted that factor
loadings at all waves were larger using WLSMV compared to MLR.
Results are similar across all waves, so are only summarized once here. Model 1 fit
according to the CFI, but not the χ2 or RMSEA indices (Table 2). All indicators significantly
loaded on the latent variable, explained variances were high, and all residual correlations
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were < |.1|, suggesting that the significant χ2 was due to the large sample size and not model
misfit (Witkiewitz, personal communication, 2016; Kline, 2011). Model 2 fit significantly
better across all waves using both the traditional χ2 difference testing and changes in
RMSEA and CFI. Model 2 was therefore accepted and used to indicate religiosity in all
following analyses. Unstandardized factor loadings with p values, standardized loadings, and
explained variances for this model are available in Table 3.

Table 2
Latent Covariate Fit Statistics.
Data Wave

Measurement
model

χ2 (df),
p-value

RMSEA

CFI

.113 [.102,.125]

.984

.018 [.004,.036]

1.00

.117 [.106,.128]

.985

.006 [.000,.027]

1.00

.160 [.149,.171]

.951

.000 [.000,.019]

1.00

Δ χ2

Religiosity
Model 1
Wave I
Model 2
Model 1
Wave II
Model 2
Model 1
Wave III
Model 2

280.531 (2),
p < .001
4.407 (1),
p = .036
296.978 (2),
p < .001
1.402 (1),
p = .236
552.707 (2),
p < .001
.171 (1)
p = .679

230.873 (1),
p < .001

398.053 (1),
p < .001

633.519 (1),
p < .001

Parental
Monitoring
Model 1

398.840 (20),
p < .001

.042
[.038,.045]

.884

Model 2

358.032 (14),
p < .001

.048
[.044,.052]

.890

Model 1

401.101 (20),
p < .001

.042
[.038,.046]

.893

Model 2

355.553 (14)
p < .001

.048
[.044,.053]

.896

Wave I

Wave II

Note. Χ2 difference tests were computed using the MLR scaling correction factor (Mplus:
Chi-Square Difference Testing Using the Satorra-Bentler Scaled Chi-Square).
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Table 3
Religiosity Factor Loadings
Item/Wave

b (se)

p – value

β

r2

1.00*

-

.77

.60

.64 (.01)

< .001

.84

.70

1.39 (.02)

< .001

.84

.71

.30 (.02)

< .001

.56

.32

1.00*

-

.79

.62

.65 (.01)

< .001

.85

.73

1.42 (.02)

< .001

.85

.72

.30 (.01)

< .001

.58

.33

1.00*

-

.65

.42

.93 (.03)

< .001

.84

.70

1.87 (.04)

< .001

.78

.60

.28 (.01)

< .001

.43

.19

Wave I
1. Frequency of
service attendance
2. How important is
religion to you?
3. Frequency of
prayer
4. Frequency of
youth activity
participation
Wave II
1. Frequency of
service attendance
2. How important is
religion to you?
3. Frequency of
prayer
4. Frequency of
youth activity
participation
Wave III
1. Frequency of
service attendance
2. How important is
religion to you?
3. Frequency of
prayer
4. Frequency of
youth activity
participation

Note. * denotes the unit loading indicator.

STO INFECTION AND SEXUAL BEHAVIOR
Parental Monitoring
Parental monitoring indicators also were examined prior to LVA. The first indicator
(How much does your family pay attention to you?) was recoded so that the first 3 categories
were collapsed into “somewhat or less” for both Waves I and II.
The first model did not fit the data well according to the χ2 and CFI in both Wave I
and Wave II, suggesting that the significant χ2 was indicative of true misfit and not the large
sample size. All factor loadings were significant, though the unit loading indicator, “how
much do you feel your family pays attention to you,” had an extremely low standardized
factor loading and explained variance (β = .079, r2 = .006), and its correlations with other
indicators were all .1 or lower. This variable was therefore discarded.
The new model did not fit the data according to the same metrics, though all factor
loadings were significant, and the correlation residuals did not indicate any obviously
problematic items. These results were corroborated with the WLMSV estimator, indicating
that poor fit was not due to treating categorical variables as continuous (model indices with
WLMSV: χ2 (df) = 255.145 (14), p < .001; RMSEA = .040 [.036,.045]; CFI = .929). Given
this level of misfit and with no theoretically or statistically sound re-specification options, the
latent variable “parental monitoring” was discarded and not used in further analyses.
Immune System Functioning
Items were combined using principle component analysis. At both Wave I and II, one
component explained the majority of the variance (53% and 52.7%, respectively), with only
this component having an eigenvalue > 1 and substantial factor loadings. This component
was therefore used as the instrumental variable in analyses.
STOs
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The number of cases and population percentages with each STO are listed in Table 4.
In general, number of cases increased at each successive Wave. However, there is a
discrepancy in the number of reported HIV cases, with fewer individuals reporting ever being
diagnosed with HIV at Wave III than at Wave II. Although it is unclear why this is, the Wave
III HIV cases were recalculated such that the number of new diagnoses at Wave III was
added to the number of existing cases at Wave II. This calculation suggested that 70
individuals had acquired HIV by Wave III (.6% of the population). However, as with HSV-2,
this coding does not capture any individual who acquired HIV between Wave II and one year
prior to Wave III.
Unfortunately, at Wave I, there are too few cases of each STO to analyze the effects
of each STO individually (per Add Health guidelines; Agreement for the Use of Restricted
Use Data). Therefore, the SEM analyses using STOs at Wave I and outcomes at Wave II
(1996) will look at the effect of having any STO on sexual behavior outcomes.
At Wave II, co-infections among STOs were common, though correlations between
most STOs rarely exceeded .5. The exception was HIV and HSV-2, which were correlated at
.91. Because this high degree of collinearity can impact parameter estimates, two sensitivity
analyses were run for all models, wherein one sensitivity analysis removed HIV and the other
removed HSV-2.
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Table 4
STO Infections
Wave I - 1995

Wave II - 1996

n

pop. %

n

pop. %

n

pop. %

chlamydia
gonorrhea
HBV

67

.5%

158

1.4%

344

.3%

12

.1%

49

.4%

104

.1%

4

0%

28

.3%

-

-

HIV
HPV
HSV-2
syphilis
trichomoniasis
any STO

8

.1%

50

.4%

36

.4%

-

-

-

-

133

1.3%

11

.1%

53

.5%

161

1.6%

10

.1%

46

.4%

83

.3%

10

.1%

49

.4%

27

.8%

107

.9%

229

1.9%

700

6.6%

STO Infection

Wave III - 2001

Dependent Variable Descriptive Statistics
Number of Sexual Partners
See Figure 4 for the number of sexual partners by population and SEM sample
percentages. In Wave I, 51.8% of adolescent relationships included a sexual component. In
Wave II, 58.8% of relationships included a sexual component. Progressively more
participants engaged in sexual activities as time progressed, though most of these changes
were from people going from 0 to 1 partners and not from individuals having sex with 2+
partners, as the percentage of the population that had 0 or 1 sexual partners stayed relatively
constant over time.
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Figure 4
Number of Sexual Partners by Population (left) and in the SEM Samples (right)
100%

100%

80%

6+

5

60%

80%

60%

4
3

40%

1
0

0%

5
4

40%

2
20%

6+

3
2

20%
0%

1
0 partners

Number of One-Night Stands
See Figure 5 for the number of one-night stands by population and SEM sample
percentages. In Wave I, 19.6% of sexual relationships were characterized as having sex only
once. For Wave II, 18.8% of sexual relationships were characterized as one-night stands.
Overall, few individuals engaged in one-night stands, and this variable remained relatively
constant over time.
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Figure 5
Number of One-Night Stands by Population (left) and in the SEM Samples (right).
100%

100%

95%

6+

5

90%

4
3

85%

95%
90%
85%

2
80%

1
0

75%

6+

5
4
3
2

80%
75%

1
0 partners

Note. Note the truncated vertical axis.

Average Time Until Sex
The amount of time until participants had sex in their relationships remained
relatively constant over time, with sex typically introduced into relationships within 3-4
months (Figure 6). Like relationship length, outliers were assessed separately for each time
segment, though unlike relationship length, participants who initiated sex before the start of
their relationship were considered valid, though only ~8% of participants reported having sex
before their relationship started across waves. See Table 5 for descriptive statistics.
The distribution was similar between years, becoming slightly less normal over time.
Though kurtosis breached normality by 2001 (Kim, 2013), these variables were
untransformed (Tabachnick & Fidell, 2007; Van Horn, personal communication, 2017).
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Figure 6
Average Time Until Sex is Initiated for the Total Population and SEM Samples.
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Table 5
Time Before Sex Descriptive Statistics
Descriptive

1995

1996

1997

1998

1999

2000

2001

1

1

2

1

1

1

1

10.65

10.87

13.05

12.18

11.02

10.31

9.58

Range

-171 – 187

-120 – 204

-76 – 275

-76 – 275

-76 – 275

-76 – 275

-76 – 275

Skew

1.49

1.61

1.52

1.53

1.55

1.58

1.69

Kurtosis

6.55

7.70

5.97

6.02

6.06

6.38

7.33

Median
SD
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Average Relationship Length
Across time, participants reported relationships from -54 – 297 months. Average
relationship length became progressively longer over time (Figure 7), likely reflecting these
individuals’ transition from adolescent into adult, pair-bonded relationships. Outliers were
therefore assessed for each separate time segment. In 1995 at Wave I, for example, testing for
outliers indicated that relationships longer than 50 months (just over 4 years) were outliers;
this jives with prior reporting on lengths of adolescent relationships (Galliher, Welsh,
Rostosky, & Kawaguchi, 2004; Haugen, Welsh & McNulty, 2008; Davila, Stroud, Starr,
Miller, Yoneda, & Hershenberg, 2009). See Table 6 for more information on descriptive
statistics across time.
Normality was assessed using absolute values of skew and kurtosis and visual
examination of histograms (per large sample recommendations; Kim, 2013). Though skew
was close to abnormality in 1995 (Wave I) these variables were untransformed to (a) keep
this variable consistent over time, and (2) because transformation makes interpretability more
difficult and is usually best used when the DV unit is meaningless (Tabachnick & Fidell,
2007; Van Horn, personal communication, 2017).
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Figure 7
Average Relationship Length for the Total Population and SEM Samples.
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Table 6
Relationship Length Descriptive Statistics
Descriptive

1995

1996

1997

1998

1999

2000

2001

4

4

11

12

14

15

16

13.37

12.58

17.0

19.1

21.34

23.81

26.41

Range

-11 – 210

0 – 232

-54 – 249

-42 – 261

-30 – 273

-23 – 285

-13 – 297

Skew

2.01

2.02

1.34

1.19

1.11

1.04

.99

Kurtosis

4.55

4.54

1.84

1.32

.93

.63

.42

Median
SD
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DV Correlations
Associations between DVs at 1995 (Wave I), 1996 (Wave II), 2000, and 2001 are
presented in Tables 7 and 8; other years exhibit a similar pattern of results. As correlations
are not appropriate for Poisson-distributed variables, the associations for “number of sexual
partners” and “number of one-night stands” are presented in incident rate ratios (IRRs),
wherein numbers greater than 1 indicate a positive association and numbers less than 1
indicate a negative association.
Insofar as these variables are all related to short term mating, we should see a pattern
of associations where number of sexual partners and number of one-night stands are
positively related to each other but are both negatively related to time until sex and
relationship length. However, this was not always the case. In line with predictions, number
of partners and one-night stands were correlated, as were time before sex and relationship
length. However, number of partners was not consistently correlated with time until sex: in
early years, these variables were negatively associated (as predicted), but they became
positively associated in later years (opposite of predictions). Partner numbers also was
unassociated with relationship length. One-night stands were consistently negatively related
to relationship length as predicted; however, this effect is likely partly driven by
methodological coding, as one-night stands were defined as relationships that were 0 months
long. Number of one-night stands was generally not related to time until sex.
This pattern of inconsistent associations suggests either (a) there were methodological
issues in measurement, or (b) not all these variables are related to short-term mating. Either
way, this holds implications for the rest of the results and will be discussed further in the
discussion.
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Table 7
Waves I and II DV Associations
Number of sexual
partners
Number of sexual
partners
Number of one
night stands
Average time
before sex
Average
relationship length

Number of one
night stands

Average time
before sex

Average
relationship length

-

2.48***‡

.99*

1.00, ns

2.83***‡

-

1.01, ns

.93***

.99***

.99, ns

-

.454***

1.00, ns

.91***

.480***

-

Note. Associations with count variables are the incident rate ratios with a one-unit change of
the predictor variable. Associations between “average time before sex” and “average
relationship length” are Pearson correlations. Wave I is below the diagonal, Wave II is
above.
**
‡

p < .01. *** p < .001.

“uses number of sexual partners” as outcome variable.

Table 8
Wave III DV Associations
Number of sexual
partners
Number of sexual
partners
Number of one
night stands
Average time
before sex
Average
relationship length

Number of one
night stands

Average time
before sex

Average
relationship length

-

2.05***‡

1.01***

.99, ns

1.97***‡

-

1.04**

.92***

1.01*

1.01, ns

-

.236***

.988, ns

.89***

.270***

-

STO INFECTION AND SEXUAL BEHAVIOR
Note. Associations with count variables are the incident rate ratios with a one-unit change of
the predictor variable. Associations between “average time before sex” and “average
relationship length” are Pearson correlations. 2001 is below the diagonal, 2000 is above.
**
‡

p < .01. *** p < .001.

“uses number of sexual partners” as outcome variable.

SEM Results
Continuous covariates (parent education, income, age, and the baseline effects of
relationship length and time until sex) were centered such that the intercept refers to a white
woman who lives with both parents, does not have any STOs, and who is of an average age,
income, and parental education. All models were run twice to find the sex-specific effects of
each STO: once with women as the reference group and once with men as the reference
group; the STO variables on each table refer to these sex-specific effects. Both analyses also
controlled for the sex*infection interaction term; the interaction term included in the table
was that when women were the reference group.
Number of Sexual Partners
After removing individuals who had not had sexual debut, the number of sexual
partners was no longer zero-inflated at any outcome year (Figure 4), nor were the outcomes
over-dispersed, suggesting Poisson distributions were appropriate. There were 2,607
participants in the analysis using the 1996 outcome and 3,385 participants using the 1997 –
2001 outcomes.
Across waves, the most consistent predictor of number of sexual partners at follow-up
was partner numbers at baseline (Table 9), with each additional partner at baseline predicting
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an increase in partners by factors from 1.07 – 1.17. Men generally had fewer sexual partners
than women (IRRs range from .71 –.91, meaning men increased their sexual partners at a rate
of .71 compared to women), whereas parents’ education positively predicted sexual partners
(IRR up to 1.07).
Several STOs predicted more sexual partners at follow-up, as is consistent with
predictions. Women with gonorrhea had more sexual partners in later years (IRRs of 1.92,
1.93, and 2.23), as did men in 1997 (IRR =2.91). Men with genital herpes also had more
partners as time progressed (IRRs of 1.83, 1.97, 2.39, and 3.03), though only the last two
years remained significant with the FDR correction, and the significant interaction terms
indicated that this effect was different for men and women. Opposite of predictions, men
with chlamydia also had fewer sexual partners in 1997 (IRR = .41), as did men with HBV in
1998 and 2001 (IRRs of .20 and .18, respectively), though the effects of HBV remained
significant with the FDR correction, and only the effect of chlamydia was significantly
different between men and women.
Sensitivity analyses removing HIV did not change substantive conclusions, as HSV-2
infections in men still predicted number of partners in 2000 and 2001, though the 1997 and
1998 associations just missed significance. Removing HSV-2 also did not change
conclusions, with the effects of HIV for both men and women remaining non-significant.
Number of One-Night Stands
Even after excluding everyone who had not yet had their sexual debut, most
participants had never had a one-night stand. Unfortunately, count models of any type
(Poisson, zero-inflated Poisson, negative binomial) did not give viable results at any time
point, with Mplus fixing all STO coefficients (and therefore precluding significance testing).
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This typically occurs in log models when data are so highly zero-inflated that categorical
predictors with small n’s have little or no variance in the outcome (Witkiewitz, personal
communication), as is the case here.
An examination of the STO categories suggested part of the problem was
multicollinearity with the STO*sex interaction term. Although bivariate correlations between
predictors were not overly large, there were so few people with each STO that had ever had a
one-night stand that the interaction terms were not giving additional information beyond the
STO predictors. For example, only one individual with syphilis ever had a one-night stand,
and they were co-infected with several other STOs. In other cases, nobody with the STO had
a one-night stand, as is the case with gonorrhea in 1997. The interaction terms were therefore
removed from further analyses with this DV.
Unfortunately, removal of the STO interaction terms did not solve the Poisson
regression problems. Instead, the results of two other imperfect analysis techniques are
presented here, with results compared to create a coherent story. The first is a logtransformation on the DV, which has been used in other studies (e.g., Penke & Asendorpf,
2008) to approximate normality. Although binary categorization (had/did not have any
number of one-night stands) or inverse transformation may be more appropriate when data
are so highly abnormal (Tabachnik & Fidel, 2007), the binary categorization did not work
because of cells with no data (e.g., nobody with gonorrhea had a one-night stand), and the
results from the inverse transformation did not substantively differ from those of the logtransformation. However, results should be interpreted with caution for two reasons: one,
skew and kurtosis remained unacceptably high, and two, the STO results are based on a very
small number of people with any one-night stands.
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The second analysis technique is elastic net regression, which identifies predictors of
number of one-night stands. Researchers typically use elastic net regression (or its cousins,
ridge regression and lasso regression) when the goal is prediction rather than “the truth.” For
example, an alcohol researcher might use elastic net regression to make predictions about
who is most likely to relapse: the focus is not on uncovering all the factors that go into
relapse, but on finding a working model that predicts who is going to relapse in the future.
Elastic net works by introducing variance into the regression model to counteract the
bias of over-fitting. In the original sample, the model will explain less variance compared to
a regular regression model, but the lack of over-fitting means the model will more accurately
predict outcome in future samples. Elastic net is particularly useful when you have a large
number of parameters that may or may not be useful in predicting your dependent variable:
variables that don’t improve predictive power are dropped (their coefficients set to zero),
with all non-zero coefficients considered valuable in predicting future behavior, no matter the
coefficient size. This is a fundamentally different approach than frequentist testing; however,
it still identifies predictors of the dependent variable, as any variable with a non-zero
coefficient is a predictor of the DV. Again, this technique runs into one of the same problems
as log-transforming the DV, as STO estimates are based on a small number of people with
any one-night stands.
Elastic net regression was run in R with package “glmnet” (Hastie & Qian, 2014)
within the Poisson family of distributions. Alpha (the balance between ridge and lasso
regression) was set to .5, as the comparison of deviance at different alpha levels indicated
little substantive change between alpha increments, including both ridge (alpha = 0) and lasso
(alpha = 1) regression. Cross-validation was then used to determine the λ parameter that
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minimized the deviance, with this λ value used to find the model coefficients (see the
Appendix for deviance λ graphs and coefficient tree graphs).
Results for the log-transformation and elastic net are available in Tables 10 and 11,
respectively. Both techniques suggested that individuals of non-white ethnicities had fewer
one-night stands compared to white individuals, though results are not consistently
significant across time. Though the elastic net suggested that living situation was a predictor
of one-night stands, these results are generally not corroborated by the log-transformation. Of
the other covariates, parents’ education was the most consistent positive predictor of onenight stands, though age and marriage somewhat negatively predicted one-night stands.
Of the STO variables, several STOs negatively predicted number of one-night stands,
which is the opposite of predictions. Elastic net suggested that chlamydia negatively predicts
one-night stands, with regression corroborating this at two of the time points. Elastic net
suggested that gonorrhea, HIV, and HSV-2 may be negatively predictive of one-night stands,
though the log regression only suggested this trend for HIV and HSV-2, and results were not
consistent across time. Elastic net also suggested that all STOs except trichomoniasis and
Hep B negatively predicted one-night stands in 1998, though because these results were not
consistent across time or corroborated by the log-transformation, they should be interpreted
with caution. Interesting, Hep B greatly positively predicted one-night stands in 1998;
however, this is likely to be a statistical anomaly: examination of the data suggested this
effect was driven by one person with Hep B who had two one-night stands that year, with all
other Hep B+ individuals having no one-night stands.
Time Until Sex is Initiated
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Across all time points, baseline sexual behavior was again the most consistent
predictor of time until participants initiate sex (Table 12). Consistent with predictions, men
with syphilis, gonorrhea, and trichomoniasis generally initiated sex in their relationships
more quickly (by over a year, 2-3 months, and 2-3 months, respectively), whereas men with
hepatitis B or HSV-2 waited longer before initiating sex, which is the opposite of predictions.
However, these wait times differed greatly, with HSV-2 positive men waiting about 4 months
longer than normal, whereas HBV positive men waited over a year longer before initiating
sex. In general, STO infections in women were not related to time until initiating sex, though
the interaction effect was only significant for HBV, HSV-2, and syphilis; for gonorrhea and
trichomoniasis, the effects of both men and women were not significantly different from each
other.
The sensitivity analyses did not change substantive results for HIV, as there was still
no relationship between HIV infection and time until sex even when removing herpes from
the model. Removing HIV made the effect of herpes on men only significant in 1998, with
the 1997 and 1999 associations becoming non-significant.
Relationship Length
Across all time points, baseline sexual behavior was again the strongest predictor of
relationship length (Table 13). Individuals who were married and older individuals had
longer relationships. Men with hepatitis B, women with syphilis, and women with herpes
generally had shorter relationships by over 2 years (consistent with predictions), though the
effects from syphilis did not remain significant with the FDR correction. Men with
chlamydia also had somewhat shorter relationships in 1997. Women with HIV had longer
relationships by over 3 years, and both men and women with gonorrhea had longer
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relationships in 1997 and 2001, respectively, which is the opposite of predictions. In general,
the interaction terms were significant when either men or women had significant effects,
suggesting that these effects differed between men and women.
However, sensitivity analyses suggested that the high HIV – HSV-2 correlation
obfuscated results. When HSV-2 was removed from the model, the HIV predictors for both
women and men became insignificant across all time points, suggesting there is no
relationship between HIV infection and relationship length. When HIV was removed from
the model, HSV-2 effects on women and men were not significant at any time point,
suggesting that HSV-2 does not predict relationship length.

Table 9
Predictors of Number of Sexual Partners by Outcome Year
1996

1997

1998

1999

2000

2001

b (se)

b (se)

b (se)

b (se)

b (se)

b (se)

-.03

-.14

-.06

.05

.15

.19

Hispanic

.02 (.07)

-.13 (.06)*

.06 (.06)

.04 (.06)

-.05 (.08)

-.05 (.09)

Black

-.02 (.05)

-.26 (.08)***

-.11 (.08)

-.08 (.08)

-.07 (.06)

-.04 (.06)

Native

.10 (.19)

.14 (.36)

-.45 (.32)

-.14 (.35)

-.09 (.23)

-.33 (.29)

Asian

-.27 (.14) †

-.22 (.13)†

-.15 (.16)

-.26 (.13)*

-.22 (.12)†

-.16 (.15)

Other

.36 (.17)

-.51 (.25)*

-.59 (.18)***

-.28 (.26)

-.35 (.14)*

-.49 (.13)***

-.09 (.05)

-.34 (.06)***

-.26 (.05)***

-.15 (.04)***

-.18 (.05)***

-.12 (.05)*

Variable

Intercept
Ethnicity

Man
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Living Situation
Bio/Step-parent

.13 (.06)*

-.04 (.07)

-.02 (.07)

-.03 (.06)

-.05 (.07)

-.09 (.08)

Single parent

.10 (.05)*

.09 (.06)

.01 (.05)

.00 (.05)

.05 (.05)

.05 (.05)

Other parent

.07 (.10)

-.06 (.13)

-.12 (.10)

-.01 (.10)

-.03 (.12)

-.05 (.15)

.06 (.02)***

.03 (.02)†

.03 (.02)†

.00 (.02)

-.02 (.02)

-.05 (.02)**

Married

-.10 (.07)

.08 (.05)

.08 (.06)

-.01 (.05)

-.07 (.06)

-.11 (.06) †

Attractive

-.02 (.03)

.03 (.03)

.02 (.03)

.00 (.03)

.02 (.03)

.06 (.03) †

Parents’ education

.03 (.02) †

.04 (.03)†

.07 (.02)***

.07 (.02)***

.05 (.02)**

.03 (.03)

Income (log)

.01 (.05)

.06 (.09)

.07 (.07)

.10 (.07)

.05 (.08)

.04 (.09)

Religiosity

-.01 (.01)

.01 (.01)

.00 (.01)

.00 (.01)

.00 (.01)

.00 (.01)

.16 (.02)***

.14 (.03)***

.11 (.02)***

.08 (.02)***

.07 (.03)**

.08 (.02)***

women

-

.02 (.18)

-.20 (.21)

-.19 (.19)

-.20 (.18)

-.17 (.17)

men

-

-.88 (.32)**

.03 (.38)

-.27 (.38)

-.19 (.35)

-.30 (.34)

interaction

-

-.90 (.35)**

.23 (.40)

-.08 (.42)

.01 (.40)

-.14 (.39)

women

-

-.19 (.44)

.42 (.51)

.65 (.32)*

.66 (.27)*

.80 (.20)***

men

-

1.07 (.31)**

.15 (.29)

-.12 (.47)

-.06 (.61)

.31 (.70)

interaction

-

1.26 (.51)*

-.26 (.56)

-.76 (.55)

-.72 (.64)

-.49 (.29)

-

.03 (.27)

.57 (.37)

-.15 (.27)

.11 (.40)

-.16 (.29)

Age

Baseline partner
#s
STOs
chlamydia

gonorrhea

HBV
women
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men

-

-1.78 (.94)†

-1.63 (.70)*

-.42 (.50)

-.90 (.68)

-1.72 (.83)*

interaction

-

-1.81 (.93)†

-2.20 (.87)*

-.27 (.52)

-1.01 (.79)

-1.56 (.88)†

women

-

.19 (.57)

.09 (.42)

.09 (.36)

-.01 (.36)

-.01 (.31)

men

-

-.45 (.49)

-.33 (.35)

-.13 (.33)

-.42 (.38)

-.86 (.48)†

interaction

-

-.64 (.72)

-.42 (.55)

-.22 (.50)

-.41 (.52)

-.85 (.56)

women

-

-.24 (.35)

.04 (.13)

-.04 (.11)

-.09 (.13)

-.14 (.14)

men

-

.50 (.37)

.61 (.27)*

.55 (.24)*

.87 (.32)**

1.11 (.39)**

interaction

-

.74 (.48)

.57 (.30)†

.58 (.26)*

.96 (.34)**

1.25 (.42)**

women

-

-.42 (.57)

-.30 (.62)

-.15 (.45)

-.49 (.47)

-.60 (.38)

men

-

.36 (.52)

-.06 (.43)

-.02 (.38)

.13 (.33)

.10 (.39)

interaction

-

.78 (.77)

.25 (.72)

.13 (.58)

.62 (.57)

.70 (.52)

women

-

-.55 (.31)†

-.65 (.33)*

-.16 (.15)

.06 (.15)

.13 (.13)

men

-

-.36 (.45)

-.11 (.52)

-.04 (.53)

-.23 (.52)

.04 (.33)

interaction

-

.19 (.55)

.53 (.63)

.13 (.56)

-.29 (.57)

-.09 (.37)

women

.10 (.14)

-

-

-

-

-

men

.30 (.21)

-

-

-

-

-

interaction

.20 (.26)

-

-

-

-

-

HIV

HSV-2

syphilis

trichomoniasis

Any STO
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Note. Parameter estimates are on the log scale, with positive estimates indicating a positive
association and negative parameters indicating a negative association. To find the IRRs, these
values must exponentiated. Effects that are significant when using the FDR correction are in
red. To find the gender-specific effects of each STOs, models were run twice, first using
women as the reference group, then using men. Interaction terms were calculated using
women as the reference group.
†

p < .10. *p < .05. **p < .01. ***p < .001.

Table 10
Predictors of Number of One-Night Stands by Outcome Year – Log Transformation
1996

1997

1998

1999

2000

2001

b (se)

b (se)

b (se)

b (se)

b (se)

b (se)

.028

.013

.012

.012

.015

.016

Hispanic

.020 (.011)†

-.010
(.003)***

.005 (.005)

.001 (.004)

-.005 (.005)

-.003 (.005)

Black

.003 (.008)

-.011
(.004)**

-.003 (.004)

-.005 (.003) †

-.013
(.004)**

-.007 (.004)

Native

-.022 (.027)

.010 (.022)

-.010
(.003)**

-.010
(.003)***

-.014
(.004)***

-.014
(.003)***

Asian

-.012 (.016)

-.002 (.010)

-.013
(.003)***

-.007 (.008)

-.019
(.004)***

-.010 (.006)

Other

.022 (.037)

-.015
(.003)***

-.011
(.002)***

.019 (.031)

-.016
(.003)***

-.020 (.003)

-.011 (.006) †

-.001 (.003)

.000 (.003)

.002 (.003)

.004 (.003)

.004 (.003)

Bio/Step parent

.013 (.012)

.004 (.004)

-.002 (.005)

.002 (.005)

-.002 (.005)

.002 (.006)

Single parent

.005 (.007)

-.003 (.004)

-.002 (.003)

-.002 (.003)

.000 (.004)

.006 (.004)

Variable

Intercept
Ethnicity

Man
Living Situation
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-.009 (.012)

.004 (.007)

-.009
(.002)***

-.005 (.004)

.003 (.007)

-.004 (.005)

Age

.000 (.002)

-.001 (.001)

-.003
(.001)**

-.001 (.001)

-.002 (.001)

-.004
(.001)**

Married

-.042
(.007)***

-.002 (.003)

-.002 (.003)

-.001 (.004)

-.005 (.003)

-.010 (.004)*

-.002 (.004)

.004 (.002)*

-.002 (.002)

.000 (.002)

-.001 (.002)

.005 (.002)**

.007 (.003)**

.001 (.001)

.003 (.001)†

.001 (.002)

.004 (.001)**

.002 (.002)

Income (log)

-.004 (.010)

-.005 (.005)

.000 (.003)

.007 (.003)*

-.012 (.007) †

.003 (.017)

Religiosity

-.001 (.001)

.001 (.001)

.000 (.001)

-.001 (.001)

.000 (.001)

.001 (.001)

Baseline #

.162
(.027)***

.021 (.016)

.008 (.012)

.003 (.011)

.010 (.011)

-.003 (.017)

chlamydia

-

-.007
(.002)***

-.008
(.002)***

-.003 (.011)

-.002 (.007)

-.004 (.007)

gonorrhea

-

-.004 (.004)

-.005 (.005)

-.001 (.003)

-.003 (.005)

-.004 (.006)

hep b

-

.003 (.005)

.023 (.026)

-.002 (.003)

.005 (.005)

.008 (.009)

HIV

-

.003 (.005)

-.010 (.004)*

-.003 (.004)

-.006 (.005)

-.010 (.006) †

HSV-2

-

-.010 (.005)*

.000 (.003)

-.004 (.003)

-.006 (.004) †

.000 (.004)

syphilis

-

.005 (.005)

-.001 (.011)

.002 (.003)

.000 (.004)

-.001 (.005)

trichomoniasis

-

.000 (.003)

-.008 (.007)

-.003 (.003)

-.004 (.003)

-.001 (.003)

.019 (.026)

-

-

-

-

-

Other parent

Attractive
Parents’ education

STOs

any STO

Note. Effects that are significant when using the FDR correction are in red.
†

p < .10. *p < .05. **p < .01. ***p < .001.

Table 11
Predictors of Number of One-Night Stands by Outcome Year – Elastic Net.
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Variable

1996

1997

1998

1999

2000

2001

Intercept

-1.93

-3.35

.49

-2.28

.02

.50

Hispanic

-

-

-

-

-.47

-

Black

-

-

-.31

-.25

-.80

-.09

Native

-.35

-

-.82

-

-

-

Asian

-.18

-

-.52

-

-.81

-

Other

.09

-

-.81

.20

-1.12

-.56

-.09

-

-

-

.30

-

-

-

-

-

.13

-.24

Single parent

.002

-

-.16

-.09

-.09

-

Other parent

-

-

-1.22

-

-

-.10

-

-

-.17

-.09

-.10

-.19

-.86

-

-

-.07

-.44

-.49

-

-

-.06

-

-.06

.15

.05

-

.13

.03

.23

.03

Income

-

-

.08

.82

-.72

.36

Religiosity

-

-

-.04

-.16

-.09

-

Baseline #

.05

-

.04

.19

.33

-.04

-

-

-1.21

-.001

-.43

-.36

Ethnicity

Man
Living Situation
Bio/Step parent

Age
Married
Attractive
parent’s education

STOs
chlamydia
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gonorrhea

-

-

-.78

-

-.02

-

HBV

-

-

2.44

-

-

-

HIV

-

-

-.60

-

-.41

-

HSV-2

-

-

-.58

-

-.36

-

syphilis

-

-

-.12

-

-

-

trichomoniasis

-

-

-

-

-

-

.03

-

-

-

-

-

Any STO

Note. Variables with a coefficient help predict one-night stands; variables without a
coefficient do not.

Table 12
Predictors of Time Until Sex is Initiated by Outcome Year
Variable / sample
size

1996

1997

1998

1999

2000

2001

n

1,003

1,499

1,548

1,631

1,670

1,753

b (se)

b (se)

b (se)

b (se)

b (se)

b (se)

2.82

3.35

3.15

2.97

2.81

2.21

Hispanic

-.30 (.76)

1.30 (.97)

1.29 (.89)

1.49 (.75)*

1.32 (.66)*

1.29 (.72) †

Black

.74 (.69)

.27 (.83)

-.85 (.81)

-.68 (.72)

-.48 (.66)

-.30 (.50)

Native

-1.27 (.88)

4.67 (2.66)†

.92 (4.61)

1.98 (4.35)

1.81 (3.81)

1.94 (3.84)

Asian

2.97 (1.53) †

1.55 (1.76)

1.18 (1.42)

.58 (1.22)

.60 (1.09)

.76 (1.27)

Other

-1.19 (1.43)

2.70 (3.57)

2.69 (3.30)

2.30 (2.36)

.64 (1.46)

1.30 (1.47)

Intercept
Ethnicity
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.03 (.54)

.39 (.51)

.34 (.44)

-.04 (.40)

.03 (.37)

.22 (.35)

Bio/Step parent

.64 (.94)

-.39 (.92)

-.36 (.81)

.24 (.68)

.43 (.72)

.31 (.57)

Single parent

-.56 (.56)

-.60 (.54)

-.60 (.48)

-.59 (.44)

-.49 (.38)

-.34 (.33)

Other parent

-1.37 (.64)*

-3.17 (1.84)†

-2.87 (1.53)†

-2.27 (1.39)

-2.27 (1.31)†

-2.70 (1.38)*

.06 (.20)

-.38 (.21)†

-.24 (.19)

-.10 (.18)

-.06 (.14)

-.01 (.13)

-.05 (1.14)

.89 (.65)

.09 (.58)

-.31 (.56)

-.23 (.51)

.59 (.47)

Attractive

.41 (.29)

-.38 (.25)

-.05 (.22)

.10 (.19)

.00 (.20)

.17 (.17)

Parents’
education

.01 (.17)

.14 (.23)

.17 (.21)

.18 (.20)

.14 (.19)

.15 (.14)

Income (log)

-.73 (.73)

1.00 (.83)

-.04 (.68)

-.71 (.64)

-.74 (.57)

-.87 (.50) †

Religiosity

.06 (.11)

.02 (.15)

.13 (.13)

.17 (.11)

.09 (.10)

.08 (.10)

.31 (.06)***

.27 (.05)***

.24 (.05)***

.20 (.05)***

.18 (.04) ***

.15 (.04)***

women

-

-.40 (1.74)

-3.49 (3.98)

-2.98 (3.51)

-4.14 (3.36)

-4.21 (3.22)

men

-

-6.97 (3.42)*

-3.04 (2.33)

-3.17 (1.79)†

-2.94 (2.17)

-2.05 (2.73)

interaction

-

-6.56 (3.68)†

.45 (4.82)

-.19 (4.16)

1.20 (4.13)

2.17 (4.14)

women

-

-1.66 (1.63)

-1.09 (1.98)

-2.03 (1.83)

-1.82 (1.69)

-1.32 (1.56)

men

-

-5.64 (3.06)†

-14.62
(8.32)†

1.67 (.81)*

-2.48 (.79)**

-2.10 (.69)**

-3.99 (3.55)

-13.54
(8.55)

3.69 (2.07)†

-.66 (1.91)

-.78 (1.77)

Living Situation

Age
Married

Baseline
STOs
chlamydia

gonorrhea

interaction
HBV
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women

-

1.14 (4.98)

1.44 (3.83)

-.96 (2.51)

-1.20 (2.10)

-1.80 (1.88)

men

-

30.74
(5.01)***

35.27
(7.83)***

26.47
(3.24)***

17.79
(2.58)***

18.67
(3.11)***

interaction

-

29.59
(.708)***

33.83
(8.61)***

27.43
(4.14)***

19.00
(3.53)***

20.47
(3.61)***

women

-

7.22 (4.36)†

9.34 (3.75)*

3.91 (4.12)

3.67 (4.09)

3.53 (3.42)

men

-

-8.72
(3.68)**

-2.58 (4.40)

-3.51 (3.06)

-1.54 (2.38)

-.65 (2.34)

interaction

-

-15.95
(5.48)**

-11.92
(5.57)*

-7.42 (4.75)

-5.21 (4.27)

-4.19 (3.80)

women

-

.45 (1.75)

-.49 (1.58)

-.84 (1.40)

-.90 (1.43)

-.20 (1.03)

men

-

4.58 (1.11)**

4.45
(1.03)***

3.67 (.97)***

2.39 (1.22)*

1.35 (.93)

interaction

-

4.13 (1.99)**

4.95 (1.75)**

4.51 (1.68)**

3.28 (1.85)†

1.57 (1.44)

women

-

8.96 (6.71)

8.00 (5.75)

8.34 (4.81)†

8.08 (4.57)†

7.89 (4.22) †

men

-

-19.03
(4.51)***

-24.87
(5.70)***

-23.59
(4.84)***

-13.68
(2.77)***

-13.63
(2.95)***

interaction

-

-27.99
(8.00)***

-32.87
(7.96)***

-31.92
(6.84)***

-21.76
(5.30)***

-21.53
(5.15)***

women

-

-5.82(4.79)

-7.40 (3.35)*

-4.03 (3.43)

-4.00 (3.46)

-6.56 (3.96)†

men

-

-2.76 (1.31)*

-.03 (4.43)

-3.52
(1.20)**

-2.06
(.62)***

-2.27
(.55)***

interaction

-

3.07 (4.91)

7.37 (5.68)

.42 (3.53)

1.93 (3.50)

4.29 (4.00)

-1.08 (.60) †

-

-

-

-

-

.20 (.92)

-

-

-

-

-

HIV

HSV-2

syphilis

trichomoniasis

Any STO
women
men
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interaction

1.28 (1.08)

-

84

-

-

-

-

Note. Numbers are in months. Effects that are significant when using the FDR correction are
in red. To find the gender-specific effects of each STOs, models were run twice, first using
women as the reference group, then using men. Interaction terms were calculated using
women as the reference group.
†

p < .10. *p < .05. **p < .01. ***p < .001.

Table 13
Predictors of Relationship Length by Outcome Year
Variable / sample
size

1996

1997

1998

1999

2000

2001

n

1,694

1,798

1,887

2,015

2,104

2,167

b (se)

b (se)

b (se)

b (se)

b (se)

b (se)

12.30

17.64

21.76

25.69

28.68 (1.10)

30.97 (1.17)

Hispanic

.04 (1.04)

-.38 (1.23)

.72 (1.37)

1.44 (1.45)

2.32 (2.10)

1.35 (2.31)

Black

-.33 (.80)

1.02 (1.17)

-.71 (1.30)

1.10 (1.70)

.87 (1.82)

3.37 (2.03) †

Native

3.57 (3.47)

1.51 (2.92)

-.12 (7.56)

-6.53 (9.00)

-11.72
(7.00)†

-7.46 (8.32)

Asian

3.57 (2.29)

.00 (3.34)

-.76 (3.78)

-3.29 (2.55)

-.19 (2.76)

3.00 (3.42)

Other

-.94 (2.74)

4.08 (5.11)

5.97 (5.87)

-.04 (6.58)

-2.86 (6.29)

3.98 (7.51)

-2.00
(.59)***

-.74 (1.00)

-2.13 (.97)*

-3.25
(1.10)**

-1.76 (1.38)

-.54 (1.00)

.32 (1.13)

.01 (1.38)

-1.17 (1.49)

-.16 (1.58)

Intercept
Ethnicity

Man

-2.38 (1.44)
†

Living Situation
Bio/Step parent

-.43 (2.08)
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Single parent

-.83 (.70)

1.27 (.97)

1.28 (1.12)

.37 (1.15)

-1.25 (1.38)

-2.11 (1.49)

Other parent

-.70 (1.14)

-.17 (2.17)

1.17 (2.40)

-.33 (2.30)

-.57 (2.83)

.62 (3.56)

1.34 (.25)***

1.28 (.32)***

1.03 (.40)**

1.30 (.36)***

1.30 (.48)**

1.38 (.61)*

Married

9.76
(2.53)***

2.13 (1.03)*

5.56
(1.09)***

10.19
(1.35)***

14.99
(1.67)***

23.29
(1.94)***

Attractive

-.23 (.31)

-.15 (.43)

-.23 (.52)

.24 (.52)

.45 (.73)

.41 (.74)

Parents’
education

-.38 (.26)

.07 (.40)

-.38 (.45)

-.39 (.49)

-.45 (.52)

-.24 (.61)

Income (log)

-.37 (.95)

-1.09 (1.25)

-2.54 (1.34)†

-6.05
(1.59)***

-7.46
(1.68)***

-7.23 (2.13)

Religiosity

.08 (.10)

-.21 (.22)

-.14 (.21)

-.32 (.26)

-.50 (.33)

-.69 (.50)

.47 (.04)***

.58 (.05)***

.62 (.06)***

.59 (.07)***

.56 (.08)***

.46 (.09)***

women

-

5.55 (2.49)*

6.76 (4.34)

-.03 (4.76)

4.28 (5.33)

-4.26 (5.35)

men

-

-5.23 (3.30)*

-5.55 (4.36)

-1.44 (4.72)

-.82 (8.28)

1.77 (8.58)

interaction

-

-10.76
(4.94)*

-12.32
(6.46)†

-1.41 (6.42)

-5.10 (9.85)

6.03 (10.60)

women

-

-.09 (3.76)

-4.21 (4.80)

3.47 (4.65)

9.77 (5.62)†

20.65
(6.39)***

men

-

13.28
(2.33)***

10.73
(5.62)†

8.82 (14.47)

1.27 (7.81)

.13 (12.65)

interaction

-

13.36
(3.91)***

14.94
(7.27)*

5.35 (15.27)

-8.50 (9.76)

-20.52
(14.56)

women

-

1.72 (5.17)

1.06 (9.55)

14.47
(10.41)

21.92
(13.37)

26.60
(13.96)†

men

-

-25.11
(3.61)***

-23.34
(5.14)***

-36.61
(8.74)***

-19.59
(12.88)

2.62 (22.52)

interaction

-

-26.83
(6.10)***

-24.40
(11.04)*

-51.08
(14.17)***

-41.51
(21.26)†

-23.97
(29.50)

Age

Baseline length
STOs
chlamydia

gonorrhea

HBV
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HIV
women

-

16.06
(12.52)

31.15
(18.60)†

41.50
(12.11)***

42.39
(12.26)**

48.10
(11.67)***

men

-

-18.73
(13.49)*

-20.78
(16.20)

-22.75
(16.08)

-14.34
(18.95)

-21.69
(17.60)

interaction

-

-34.80
(14.48)*

-51.93
(17.70)***

-64.26
(23.89)**

-56.74
(27.22)*

-69.79
(22.82)**

women

-

-2.71 (2.01)

-16.78
(8.13)*

-40.31
(3.01)***

-35.90
(3.69)***

-36.46
(3.80)***

men

-

14.43
(14.23)

19.91
(14.19)

23.84
(13.64)†

21.49
(17.06)

26.10
(18.32)

interaction

-

17.14
(14.29)

36.68
(15.00)*

64.15
(13.99)***

57.38
(17.42)***

62.55
(18.69)***

women

-

-23.11
(11.49)*

-24.77
(14.03)*

-18.47
(13.46)

-30.70
(15.60)*

-35.36
(16.31)*

men

-

6.06 (10.10)

10.29
(12.96)

5.78 (16.57)

-15.24
(14.86)

-1.18 (.988)

interaction

-

29.17
(12.89)*

35.06
(17.76)*

24.25
(23.30)

15.46
(23.52)

34.18
(18.77) †

women

-

.82 (12.18)

3.43 (13.51)

-2.53 (13.32)

-7.51
(12.18)

-8.06 (13.26)

men

-

.37 (3.82)

2.53 (6.63)

8.99 (12.51)

26.72
(12.81)*

-.61 (17.70)

interaction

-

-.46 (12.99)

-.91 (15.09)

11.52
(18.24)

34.23
(17.77)†

7.45 (22.54)

women

-1.27 (1.63)

-

-

-

-

-

men

-.25 (3.87)

interaction

1.02 (4.37)

-

-

-

-

-

HSV-2

syphilis

trichomoniasis

Any STO

Note. Numbers are months. Effects that are significant when using the FDR correction are in
red. To find the gender-specific effects of each STOs, models were run twice, first using
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women as the reference group, then using men. Interaction terms were calculated using
women as the reference group.
†

p < .10. *p < .05. **p < .01. ***p < .001.

Instrumental Variable Analysis Results
The first step in instrumental variable (IV) analysis is to test if the instrumental
variable is associated with the outcome variable(s); without a moderate correlation, IV
analysis won’t work, even with large sample sizes (Duke University: Causal Inference
Bootcamp: Your Guide to Instrumental Variables). Associations between immune system
functioning and outcome sexual behaviors are available in Table 14; unfortunately, immune
system functioning was not strongly related to any of the DVs.
Immune system functioning was negatively related to number of sexual partners in
1996 but positively related in 1998. Neither association was strong, and associations with all
other years were non-significant. Immune system functioning was significantly negatively
related to relationship length in 1996, but the correlation was too weak for IV. It was not
related to number of one-night stands or time until sex at any time point. Given this pattern of
no or small associations, immune system functioning is likely not related to sexual behavior.
Instrumental variable analysis was therefore not pursued further.
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Table 14
Immune Functioning Associations with Outcome Sexual Behaviors
Outcome sexual
behavior

1996

1997

1998

1999

2000

2001

Number of sexual
partners

.97*

1.02

1.04*

1.00

.99

.99

Number of one-night
stands

.92

1.24

1.21

1.08

1.04

1.02

Time until sex

.05

-.03

-.07

.11

-.04

.01

-.09**

-.01

.04

.05

-.07

.01

Relationship length

Note. Associations with time until sex and relationship length are correlations, associations
with number of partners and number of one-night stands are presented in incident rate ratios
(IRRs), with IRRs less than 1 indicating a negative association and IRRs greater than 1
indicating a positive association.
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Discussion
This study explored the effects of STO infection, specifically HIV and genital herpes,
on short-term sexual behavior. We predicted that compared to STO-free individuals,
individuals who had acquired each STO at baseline would have shorter relationships, less
time in each relationship until sex is initiated, more sexual partners, and more one-night
stands at follow-ups. Overall, we found mixed results, with genital herpes and gonorrhea
predictive of more sexual partners, though it is unclear whether these results reflect true
manipulation by STOs. The following subsections delve further into the STOs with the most
consistent pattern of results.
HSV-2
Genital herpes had results most consistent with predictions, as men with HSV-2 had
more sexual partners at follow-ups, even after controlling for partner numbers at baseline,
and sensitivity analyses suggested that this effect was not inflated by the high correlation
with HIV. The increases in numbers of sexual partners was also quite large, with incidence
rate ratios suggesting that these men acquired sexual partners at a rate of up to 3 times that of
other individuals. Insofar as this represents manipulation, the manipulation took several years
to “kick in,” as the effects were only marginally significant immediately following infection
but became stronger and statistically significant as time progressed. Moreover, none of these
men indicated another STO infection at Wave III (other than HIV), suggesting that these
effects were not due to manipulation by a co-infecting STO.
However, the latency effect of manipulation may be an artifact of data collection: at
Wave III data collection, individuals were asked to recall the past 5 years of relationship
experiences, with the study DVs reconstructed from this single interview. Memory degrades
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with time, particularly for relatively unimportant events (Beckett, Da Vanzo, Sastry, Panis, &
Peterson, 2001; De Nicola & Giné, 2012; Wu et al., 2001); if participants had minor
relationships (such as flings) that occurred during those years, they would be less likely to
correctly remember them in 2001, and thus their number of sexual partners during 1997-98 is
under-reported. Indeed, as noted earlier, having HSV-2 at Wave II was associated with
having relationships that were not able to be placed in time because participants forgot all
relevant dates, suggesting these individuals had their partner numbers under-count.
It is also worth noting that increased partner numbers were only found for men with
HSV-2, not women, with significant interaction effects indicating that these gender
differences were significant. However, because missing relationships were associated with
women with HSV-2, their partner numbers are likely to be under-reported. In fact, women
with genital herpes had much shorter relationships than average, which is consistent with
predictions. This association suggests two divergent paths. One, women with HSV-2 also had
more partners at follow-ups but were under-count due to methodological flaws or mistakes in
reporting their relationship length. For example, if a woman had a relationship that ended in
2001, but she incorrectly indicated that it ended in 1999, this partner would not have been
counted for the years of 2000 and 2001. In this case, HSV-2 did not manipulate men and
women differently. However, it is also possible that even with the inclusion of these missing
relationships, women with HSV-2 would not have had more sexual relationships, and thus
HSV-2 does differentially manipulate based on gender. In this case, it is striking that insofar
as this difference is due to manipulation, it affected men and not women. Theoretically, if we
expect men to be more short-term orientated than women (as explained in the introduction),
we would expect that if these men could have obtained more sexual partners at baseline, they
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would have done so, yet this effect exists even when controlling for baseline behavior. Thus,
if the increased number of partners is due to manipulation by HSV-2, either (a) the men were
not as short-term orientated at baseline as previously hypothesized, and an increase in their
short-term desire changed their sexual behavior such that they had more sexual partners, or
(b) this manipulation is acting through channels other than increasing short-term mating
orientation.
Overall, there is some evidence to suggest that HSV-2 manipulates the sexual
behavior of men. Given that HSV-2 is one of the most likely manipulators based on theory,
this finding warrants future research, with follow-up interviews regularly conducted to get a
more accurate picture of the latency of this manipulation, as well as to confirm if this effect is
specific to men or if it affects both men and women.
Gonorrhea
Men with gonorrhea also had more sexual partners in the year immediately following
infection, and they also had significantly more partners than women. Though this effect
didn’t last through time (and thus may be a statistical/methodological artifact), this is also
consistent with manipulation predictions. As gonorrhea infections can be cleared with
antibiotics (or fevers due to other illnesses), gonorrheal manipulation would have to be
relatively fast-acting, with manipulative effects disappearing once the infection is cleared.
Interestingly, however, gonorrhea infections in women also predicted greater numbers of
sexual partners at further-follow-ups (1999 – 2001). Moreover, only two of these participants
had acquired another STO by the Wave III interview, suggesting that the increase in sexual
partners was not due to manipulation by a co-infecting STO. However, it is worth noting that
both the effects for gonorrhea for men and women coincided with longer relationship
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durations, and thus these individuals’ counts of sexual partners could be artificially inflated
due to incorrect relationship timelines. For example, if a relationship ended in 1999 but the
participant indicated it ended in 2001, this partner would have been incorrectly counted in the
partner counts for 2000 and 2001.
HIV
Generally, HIV infection was not associated with any of the sexual behaviors, with
the exception of HIV infections in women predicting very long relationships (+3 years more
than average). This is the opposite of predictions. In this case, perhaps this effect is driven by
women making conscious choices: once women find out they are HIV-positive, they are
more reluctant to engage in sex with new partners and are more likely to remain in
committed relationships with individuals who are already aware of their seropositive status.
This could also explain why individuals with HIV are somewhat less likely to engage in onenight stands. However, these effects appear at least partly driven by the high correlation with
HSV-2, as the effects on relationship length disappeared once HSV-2 was removed from the
model. It is therefore unclear what the true effect HIV has on relationship length.
It is particularly surprising that individuals with HIV did not have more sexual
partners after infection given that a viable proximate mechanism of manipulation, the
dopaminergic system, has already been identified for HIV. Moreover, HIV infections were
not systematically related to missingness, so it is unlikely that number of sexual partners for
individuals with HIV is under-reported, and sensitivity analyses suggested that the
correlation with HSV-2 did not obfuscate results.
Chlamydia
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The effects of chlamydia were generally opposite of expectations. Chlamydia
infection in men predicted fewer sexual partners in 1997 (though this effect did not remain
significant with the FDR correction), and individuals with chlamydia had fewer one-night
stands according to both the elastic net and log-transformation analyses. However, this
decrease in number of sexual partners for men in 1997 could be due to incorrect reporting, as
these men also reported shorter relationship than average in 1997. The effects for partner
numbers and relationship length also did not last over time, potentially suggesting (a) these
effects were due to misreporting, or (b) men with chlamydia experienced “trigger-shyness”
shortly after infection, where they were less likely to become involved with romantic
partnerships due to their recent infection, and already existing partnerships were made more
unstable because of the infection (per Newton & McCabe, 2005; Newton & McCabe, 2008).
However, like HSV-2, having chlamydia at Wave II was associated with having relationships
with missing dates, so it is possible that these effects are due entirely to partner numbers
being under-reported.
Other STOs
No other STOs had effects that told an obvious story. Men with HBV had much
shorter relationships than average but waited much longer before initiating sex with no
effects on number of sexual partners, though elastic net indicated one year where HBV had a
huge effect on number of one-night stands. Similarly, women with syphilis had somewhat
shorter relationships, and men with syphilis had sex more quickly in their relationships.
Again, none of these effects translated into differences in partner numbers. Overall, these
effects likely represent methodological problems in recalling and reporting relationship dates,
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which affected the dependent variables of relationship length and time until sex is initiated,
rather than reflecting any effects of manipulation.
Measured DVs as Indicators of Short-Term Mating Behavior
Unfortunately, the inconsistent pattern of correlations between the dependent
variables calls into question the use of these variables as indicators of short-term mating
behaviors. Because number of sexual partners is the standard-bearer of short-term mating
behavior and is the focal behavior of most other STO-sex research, its inconsistent
correlations with the other DVs are likely indicative of problems with these other variables.
Relationship Length
It is perhaps not surprising that relationship length was not related number of sexual
partners, as this variable has not been used as an indicator of short-term mating in past
research. Yet even if relationship length is not indicative of short-term mating, its inclusion
did give us two important insights.
First, it suggests that the two count variables could be misreported. As iterated when
discussing the STOs, one of the STOs that predicted more sexual partners (gonorrhea) was
also related to longer reported relationships, and STOs that predicted fewer sexual partners
(chlamydia) were related to shorter reported relationships. Because the number of sexual
partners variable was re-constructed from the interview rather than asked point-blank, an
incorrectly reported relationship length could artificially inflated or deflate the partner
numbers recorded for the time segment. Thus, its inclusion here is important to understand
the potential limitations of using this data set.
Secondly, its relationship with HIV (individuals making conscious choices to remain
with partners who know their infection status) highlights a major barrier faced by
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manipulating STOs: given the shame felt by the infected individual and stigma from the
community (Bender & Hill, 2018; Haapa, et al., 2018; Wong et al., 2012), once an individual
is aware of their STO infection, they may be hesitant to becoming involved with new
partners because of the need to share their infection status (Newton & McCabe, 2008;
Swanson & Chenitz, 1993), and thus we should see a decrease in partner numbers postinfection. The fact that we see increases in partner numbers for several STOs is surprising
and indicates the strength of this manipulative effect.
Time in Relationship Until Sex
The time that individuals are in relationships until they initiate sex was either not
related to number of sexual partners or was positively related, which is opposite of
predictions. Insofar as individuals who are short-term mating oriented feel comfortable
having sex with individuals outside of long-term relationships, we should expect them to
have sex with their partners more quickly into their relationships, yet this was only
marginally true here. Perhaps this variable is not related to short-term mating, despite its use
in prior literature (Penke & Asendorpf, 2008; Schmitt, 2005a). However, there are two
alternate explanations that may also explain the results.
First, the date a relationship began is much murkier than the end date, which usually
has a specific break-up (Carver et al., 2003; Guerrero & Mongeau, 2008). But when do you
consider your relationship to have started? You meet someone new, spend time with them as
friends (or individuals to whom you’re attracted but haven’t told yet), and it eventually
transitions into a romantic relationship. But at what point do things “become official?”
Because of this uncertainty, people may use sex to define the start of a romantic relationship.
Indeed, across all time points, the modal time until sex is 0 months, meaning that most
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participants did not wait at all until having sex with their partner, suggesting that this is not a
good indicator of short-term behavior.
Second, though related to point one, these inconsistent results may be due to the slight
discrepancy between “time in relationship until sex is initiated” and the question used in prior
research (Schmitt, 2005a), which more closely translates to “how long after meeting someone
would you feel comfortable having sex with them?” Whereas both long-term and short-term
oriented individuals may feel comfortable having sex quickly after becoming romantically
involved (given that sexual satisfaction is an integral component of successful long-term
relationships; Mark & Lasslo, 2018), only short-term oriented individuals are likely to accept
new sexual partners quickly after meeting them. Indeed, some participants were asked a
question very similar to this in the Wave III interview (“How long had you known <partner>
when you first had sex with him/her?”). Unfortunately, this question was not asked at Waves
I or II and was only asked of a subset of participants at Wave III, and thus could not be used
across the board.
It should be noted that while we did find some STOs to be predictive of shorter times
until sex was initiated, these results generally did not match up to the other DVs, and thus it
is difficult to interpret these as real effects rather than methodological artifacts.
The Problem with One-Night Stands
Number of one-night stands was highly correlated with number of sexual partners as
expected. Unfortunately, this DV ran into its own set of problems with model analysis. This
was likely due in part because there were so few people who had ever had a one-night stand.
Though this might reflect reality, it might also be due to under-reporting, which seems
particularly likely when comparing the numbers constructed from the Wave III interview to
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those reported at the Wave II interview. Participants had to remember five years of
relationships and sexual behaviors, so they were more likely to forget the dates associated
with these relationships at Wave III than at Wave II (Smith & Thomas, 2003; Wu et al.,
2001). Indeed, of the relationships that could not be placed in time due to missing dates, they
were more likely to be one-night stands than relationships that could be placed, suggesting
that the counts for both “one-night stands” and “number of sexual partners” are underreported.
However, it is telling that insofar as STOs were related to one-night stands, they were
negatively related. This is entirely opposite of predictions. In light of this finding, perhaps we
are looking at the wrong mechanism to expand transmission opportunities. Expanding partner
numbers would certainly give the STO more transmission opportunities to uninfected hosts;
however, given that the transmission probability for most sexual acts is very low (CDC: HIV
Risk Behaviors), an STO that increases the frequency of sexual acts, particularly sexual acts
with relatively high transmission risks, might be just as successful of a manipulator as those
that increase the raw number of sexual partners. In this case, STOs would not be best served
by their host engaging in one-night stands, which require substantial host mating effort
compared to the number of transmission opportunities afforded to the STO. Instead, STOs
would more quickly spread though-out the population if they had hosts that maximized
frequency of sexual acts for the required mating effort. That is, STOs should neither push for
monogamous long-term relationships (little way to spread through the population) or onenight stands, but concurrent partnerships or serial short-term relationships (e.g., summer
flings) in which partners frequently have sex.
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Although Add Health did record frequency of sexual acts, this data is likely too
subject to bias to give valid results. Firstly, Add Health did not ask about all sexual acts at all
Waves of data collection, and thus, for example, individuals who frequently had oral sex but
infrequently had anal sex would have been coded as to not have frequently engaged in sex
with their partner. Secondly, individuals are much worse at recalling the frequency of events
compared to remembering whether an event took place or not (e.g., people can accurately tell
you they had sex with a particular partner, but they cannot accurately report how many times
they did so; Durant & Carey, 2002; Graham, Catania, Brand, Duong, & Canchola, 2003;
McFarlane & Lawrence, 1999). Moreover, the reliability in frequency reporting decreases as
the recall period increases (Kauth, St Lawrence, & Kelly, 1991), meaning there would be
much more bias in the events reported at Wave III than those reported at Waves I and II.
Future studies that investigate STOs manipulating frequency of sexual acts should therefore
use another method of data collection such as diary studies, which are the gold standard for
accuracy in reporting difficult-to-recall events (Bonke, 2005; Coxon, 1999; Ellis-Davies,
Sakkalou, Fowler, Hilbrink, & Gattis, 2012; Graham et al., 2003).
Study Strengths
Despite the problems with our dependent variables and the difficulties in studying
sexual behavior and STO infection in general (the personal nature of the questions, the low
incidence / prevalence of many STO infections, and the ethical constraints on
experimentation), there were several strengths to this study, including the sample size and
external validity. This paper therefore represents an important first step in investigating the
causal relationship between STOs and outcome sexual behavior, including number of sexual
partners.
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First, this study used an extant data set rather than collecting new data, which reduces
the burden on participants and provides an important first step for further study in this area.
The data is also nationally representative, which increases external validity and strengthens
the claim that these effects are wide-spread and not reflective of a small, weird study sample.
Moreover, the dataset was large. Even though exclusions reduced the dataset from the 10,828
participants with longitudinal data, no analyses had fewer than 1,000 participants, and many
analyses had several thousand more.
Data collection relied on participant self-report; though this method is not bias-free
(see below), there are certain advantages. Firstly, participants completed the questions
pertaining to sexual health on their own, which has been shown to increase honest reporting
(Ghanem et al., 2005). Secondly, prior research has found that people are generally reliable
reporters of their sexual histories (Durant & Carey, 2002; Hearn, O’Sullivan, & Dudley,
2003; McLaws, Oldenburg, Ross, & Cooper, 1990; Schrimshaw, Rosario, Meyer-Bahlburg,
Schard-Matlick, 2006).
Lastly, data collection was not designed specifically around this study. Although this
does come with many limitations (see below), it does mean that questions of interest were
embedded among many other irrelevant questions, and thus it is unlikely that participants
would have guessed the study hypotheses and changed their behavior accordingly (Cozby &
Bates, 2018).
Study Limitations
This study provides the first steps in showing that HSV-2 and gonorrhea in particular
may be manipulating their hosts to increase their number of sexual partners as means of

99

STO INFECTION AND SEXUAL BEHAVIOR
increasing their transmission opportunities. However, as with any study, it is not without its
limitations.
Methodological issues in design represent the largest study limitations. Firstly,
because this was secondary data analysis, dependent variables of interest had to be
reconstructed from other variables that were more prone to recall error. That is, instead of
asking participants “how many sexual partners did you have in the past year?” or “in the past
year, how long were your relationships on average?,” all variables were reconstructed from
participants’ self-reported relationship start and end dates, and thus any participants who
incorrectly entered these dates would be mis-reporting all dependent variables. This is
particularly true for the years 1997 – 2000, which were reconstructed from recall in 2001.
Memory degradation over time suggests that these years are most prone to recall error;
moreover, date recall is worse when associated with non-important events (Smith & Thomas,
2003; Wu et al., 2001), suggesting that short-term relationships during these years (the
relationships in which we are most interested) were less likely to be accurately reported. By
asking participants the dependent variables point blank (e.g., asking them “how many sexual
partners did you have in 1997?”), we could have eliminated some of the difficulty in placing
the relationships in time. Moreover, directly asking these questions likely would have led to
more accurate relationship lengths and time until sex is initiated, as people are generally
better at remembering an occurrence’s duration rather than translating this time period into
specific dates (Duncan & Hill, 1985; Smith & Thomas, 2003; Wu et al., 2001).
However, directly asking the questions of interest would not have completely
eliminated the difficulty in recall, which is the second methodological flaw. While prior
research has found that people are generally good at remembering how many sexual partners
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they had during a specific time period (see above), this accuracy depends on their number of
partners, with those who are monogamous and abstainers having the best recall, but underreporting increases with increasing partner numbers (Jaccard, McDonald, Wan, GuilamoRamos, Dittus, & Quinlan, 2004). Since we have the least accurate picture of individuals
with the most sexual partners, even modest under-reporting by this group is likely to bias
results towards non-significance. This also suggests that of the STOs that did significantly
affect partner numbers (gonorrhea and HSV-2), the effect sizes are likely to be underreported. Data collection methods such as diary studies may be better suited to characterizing
the behavior of those with more than one sexual partner.
The last methodological design issue was that the data were self-report. Although
there are several strengths to this method (see above) other studies have found that not all
individuals are created equal when reporting sexual events. For example, girls are more
reliable reporters of sexual activities than boys, with white girls being the most consistent
reporters and African and Asian American boys being the least consistent reporters
(Upchurch, Lillard, Aneshensel, & Li, 2002). Thus, the sexual behaviors reported by men
may be more suspect than those reported by women. This is compounded by potential underreporting by women and over-reporting by men (Meston, Heiman, Trapnell, & Paulhus,
1998) due to a gender-specific sexual double-standard, though this effect could be moderated
by the fact that individuals were asked detailed questions about their relationships, and thus
men may be less likely to artificially inflate the number of partners. Women, however, could
still be consistently under-reporting their partner numbers; this could potentially explain the
gender-specific effects of HSV infection on number of sexual partners, and general lack of
effects of manipulation in women.
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There are also limitations due to reasons other than methodology, specifically in
issues surrounding STO rates and data collection. Firstly, STO infection was assessed using
self-report and not serological testing; given that individuals are generally only tested for
STO infection if they display physical symptoms or report engaging in risky sexual behaviors
to health professionals, it is likely that some individuals in the control group (individuals that
did not report any STOs) were infected with asymptomatic STOs. To get more accurate rates
of STO incidence and a true control group, serological testing is needed.
Secondly, HPV is a potential manipulator, but infections were not assessed until
Wave III. Not only does this preclude the possibility of testing HPV as a manipulator, it
means that any individual could be infected or co-infected with HPV. If HPV does
manipulate sexual behavior, the STO-free control group is not entirely STO-free, and thus
their sexual behavior is skewed towards short term mating. Moreover, any individuals with
co-infections could have effects driven by their HPV infection and not their listed infection.
However, of individuals who indicated they had been diagnosed with HPV at Wave III, only
two had an STO at Wave II.
Third, even with using a nationally representative data set with thousands of
individuals, STO infection numbers are small. The imbalance of STO positive and negative
individuals means we are likely under-powered to detect real effects of infection on
manipulation. Future studies could work around this issue by over-sampling STO+
individuals and limiting the participation of STO- individuals. That approach was not done
here in order to keep results nationally representative.
Lastly, the high rate of co-infection between HIV and HSV-2 made it difficult to
assess the true effects of these STOs on short-term behaviors. This is particularly frustrating
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given that these two STOs are the most likely to manipulate our sexual behavior (Sarafin et
al., in prep). The current study addressed this problem with sensitivity analyses, but this
method is imperfect because leaving one STO predictor out of analyses means we are not
controlling for its effects. Future studies should over-sample individuals without coinfections (e.g., people who only have HIV and people who only have HSV-2) so we can get
a more accurate picture of their effects on sexual behavior.
Future Directions
To my knowledge, this study is the first to use STO infection status as a predictor of
follow-up sexual behavior. However, temporal precedence does mean the infection caused
the sexual behavior; even if it did, this would still not definitely prove that STOs were
manipulating that behavior; as discussed with HIV-positive women, effects in sexual
behaviors might be caused by STO-positive individuals making conscious or unconscious
choices about their sexual behaviors in light of their new STO status. There are some next
steps in research before we can claim manipulation.
First, we must expand this study to show true causality. Even though HSV-2
predicted number of sexual partners at follow-up even after controlling for baseline behavior,
there are still myriad extraneous factors that could be causing this change in sexual behavior,
and the limitations of secondary data analysis meant that I could only control for a limited
number of confounding factors. Future studies that collect their own data should try to
control for a greater number of confounding factors such as self-efficacy and consistency of
condom use (Carlson & Soller, 2019; Fairfortune, Stern, Richardson, Koutsky, & Winer,
2019).
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The case for causality could also be improved with instrumental variable analysis, as
this statistical method would estimate the true causal effect of infection on outcome sexual
behavior. In this study, that approach was unsuccessful due to a poor instrument (and the
limitations in secondary data analysis on selecting a stronger one). Future studies should
more carefully collect instrumental data; given the ethical constraints in establishing
causality here, instrumental variable analysis is likely to give us the best estimation of the
true causal effect.
Once causality is more definitively established, the next step is to disentangle the
effect as manipulation vs. the effect as host-driven choices. Here, research into the proximate
mechanisms of manipulation may help. For STOs to be manipulating behavior, there must be
underlying changes in host physiology (such as increased T or dopamine); if we can identify
any such changes and show that they are specifically driven by the infection, this would
strengthen the case that the STO is manipulating sexual behavior. However, if the infection is
unrelated to the molecular/physiological changes that drive host behavior, any behavioral
changes are likely to be due to host intentions and not due to manipulation.
Broader Impacts
Though preliminary, these results speak to the broader impacts of understanding
manipulation of human behavior by STOs. Firstly, tying behavioral changes to specific STO
infection can help with disease diagnosis. That is, just as health care providers recommend
that people get tested for STOs when they notice physical symptoms that may never
manifest, individuals can watch for and notify health care professionals of any behavioral
changes. This approach would be particularly useful in low-income countries where
providers use syndromic management to diagnose STO infection, or in wealthier countries
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like the U.S., where individuals put off testing due to geographical or financial inaccessibility
(Aral, 2001).
Secondly, understanding the causal link to go from infection to behavior (rather than
the other way around) may help reduce the stigma around STO+ status, which in turn could
help stop STO spread. Communities that understand that the behavior is a response to the
infection, not the cause of it, may be less likely to “slut-shame” STO+ individuals. Framing
STO+ individuals as “victims” rather than “perpetrators” may also help public health
campaigns that encourage STO testing: if individuals do not hold themselves responsible for
their infection status, a positive STO test may not be viewed as a threat to the person’s
identity as a responsible actor, and individuals may be more likely to get tested when they
suspect infection or have been with a new partner. Moreover, research indicates that
individuals respond better to new information when they do not feel personally attacked by it
(Lazer et al., 2018); STO+ individuals who understand that STOs manipulate their hosts
towards certain short-term behaviors are less likely to feel shame and guilt and are more
likely to respond openly to learning of their infection status than individuals who feel that
infection is their fault. A reduction in blame by health care providers may also lead to
increased patient retention and better outcomes, as STO+ individuals may avoid treatment
because of provider shaming (Ford et al, 2013; Tilson et al., 2004).
This reduction in slut shaming may be especially beneficial to infected women, who
are disproportionately blamed for their own and their partners’ STO diagnoses (Blackstock et
al., 2012; Giffin, & Lowndes, 1999; Valentine, 2008), and who unfortunately suffer greater
physical consequences of untreated STOs (e.g., infertility; Aral, 2001). However, given that
we already know that women are more likely to acquire an STO from their male partner than
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vice versa (Aral, 2001), and we still blame women, I am not holding out hope that this new
piece of information will suddenly make people stop hating women. A girl can dream,
though.
Lastly, a better understanding of this causal link may lead to people being happier
with their sexual lives. Individuals with more knowledge of sexual health and behavior report
higher sexual satisfaction with their partners and sex lives (Higgins, Mullinax, Trussell,
Davidson Sr, & Moore, 2011; Marzieh, Fatemeh, Ozra, & Siamak, 2011); adding to this
literature will add another tool in the toolbox to empower individuals to make the best
choices for themselves.
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Conclusions
This study provides the first evidence that certain STOs, specifically HSV-2 and
gonorrhea, may manipulate human behavior such that their host has more sexual partners and
the STOs have more transmission opportunities. Though these conclusions are limited due to
methodology, they underscore the need for further research and provide a clearer direction
for future studies.
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Appendix
Elastic Net Graphs
Figures A1 & A2: Deviance (left) and Coefficient Tree (right) for Elastic Net, 2001
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Figures A3 & A4: Deviance (left) and Coefficient Tree (right) for Elastic Net, 2000
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Figures A5 & A6: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1999
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Figures A7 & A8: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1998
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Figures A9 & A10: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1997
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Figure A10 & A11: Deviance (left) and Coefficient Tree (right) for Elastic Net, 1996
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